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' .B S T R A C T

[This report presents a point stress analysis of a laminate

under inplan ioads, moments, and temperature effects. The formi-

lation present.- the usual lamination theory whereby the laminate

constitutive relation is derived from the constitutive relation

for each layer in the laminate. Once the laminate relation has

been formulated, it is used to determine mid plane strains and

curvatures which arise due to inplane stress and moment resultants.

The mid plane strains and curvatures are then used to determine

the strains and thus the stresses in each layer of the laminate.

-The thermal analysis assumes a constant temperature through the

thickness. Inplane stress and moment resultants caused by the

temperature are calculated and added to the other known loads.

A simplified transverse shear analysis is presented.1

This analysis will predict the shear stress distribution across

the laminate thickness from known values of the shear resultants

Qx and Qy.

The background necessary to compute a laminate interaction

diagram is presented. A laminate interaction diagram depicts

allowable average stresses ( ax, ay, and -r ) for a particular
xy

4. laminate based upon the maximum strain theory of failure.

LiGhe analyses which are presented have been programmed in

Fortran IV as procedure SQ5. This procedure is described in the
?-' ii



Appendix and a sample problem is presented~ Some results obtained

from using the procedure are also presented. An original laminate

analysis program, U65, was revised and modified in writing pro-

cedure SQ5.

PPM fig.) ( tbls..) ( ref.)
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SECTION I

INTRODUCTION

Until recently the point stress analysis of a laminate has

been limited to inplane analyses and inplane applications.

Recent composite laminate applications have required a combined

inplane and bending point stress analysis. Initial laminated

composite applications were, for example, sandwich plate skins

which can be assumed to remain flat and thus eliminate curvature

terms. With the expanding use and applications of composite

elements came a need for a coupled inplane and bending point

stress analysis. The present analysis presents the usual lami-

nation theory which allows the derivation of the complete laminate

constitutive relation from basic lamina properties. Lamination

-. theory and the current notation in the field may be found in

several references, for example: Primer on Composite Materials:

Analysis, by Ashton, Halpin and Petit(l)*.

Allowable stress curves or interaction diagrams are important

in the design of laminated structures. An interaction diagram

for average inplane stresses is three-dimensional and is thus

depicted in two-dimensions with the third variable -rxy appearing

as cutoff lines. This type of curve or curves for combined

*The numbers in parenthesis refer to the reference list at

the end of the report.



inplane and bending stresses would become either too specialized

or too difficult to present for normal design purposes.

Two other features which form a part cf a laminate point

stress analysis are thermally induced stresses and transverse

shear stresses. The thermal stress formulation follows the work

of Tsai( 2) by calculating the thermally induced inplane stress

and moment resultants. The transverse shear analysis is formu-

lated by making some simplifying assumptions with respect to the

classical theory of laminated plates.

The analyses described above should bring together the basic

analytical background necessary to perform a complete linear

point stress analysis of a laminated composite. The analysis

presented in Sections II through VII has been programmed and is

described in detail in the appendix. Section VIII describes the

type of output which may be obtained with the computer program.

2
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SECTION I I

FORMULATION OF LAMINATE CONSTITUTIVE
EQUATIONS

2.1 LAMINA CONSTITUTIVE EQUATION

The constitutive relation for an orthotropic layer in a

stare of plane stress may be written as follows:

al Ql Q10 1

a2 Q12  Q22 0 2 (1)
'r" [ .. 12 0 0 Q66 I12

* where,

Q11 Ell/(l " V12 v21)

* Q22 = E22 /( - V12 V21)

Q12 v2 1 E1 I/(I - V1 2 "21) = v1 2 E2 2 /(I " v1 2 v2 1) (2)

Q66 G1S2

Q1 6 =Q 2 6 = 0.

Ell, E22, V12 , and are the four independent elastic constants

in the 1-2 axis system of the layer. Thus the stresses a1 ,

U2, 7'12 and the strains fl, E2 , YI2 are also in the layer axis

system (see Figure 1). Transforming Equation 1 into the laminate

x-y axis system results in

*4.*° -
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Ty I12 Q2 Q26  Vy (3)
xk QI6 Q26  Q66 k Xy k

where the Qij are the transformed stiffnesses and k presents

the kth layer of the laminate. This transformation represents

a rotation of 1-2 system into the x-y system through the angle

0 . Equation 3 may also be written as,

[a-k [ ]k [elk (4)

2.2 STRAIN-DISPLACEMENT EQUATIONS

The displacements at any point of a cross-section may be

written

U = U0  - w
5x

V Vz = (5)
0

- , where u, v, and w represent the displacements in the x, y and

*' -. z directions respectively. The midplane displacements are given

"- by Uo, Vo, and wo. The strain-displacement relations are given as

tX O

• O _v (6)

y Oy

z drtcvexy Th+ a_
Oy Ox

5



Now substituting Equations 5 into Equations 6:

E = UO a 82 w
X ax

LX

= Y - 0 2  (7)
a y ay2

Y = u- + -v 2z-2
XY aY a OX axay

or

C EO + z kxy x

C 0  z k (8)Yy y

Yx Y + z ky

where, CO 0, 7 represent midplane strains and kx) ky k~

represent plate curvatures. These equations may be written as,

41 fEy = o +
y

* * ivik 10 + zk ik*(0

6



, Equation 10 may be used to calculate the stresses at any point

z and thus in any layer of the laminate if the midplane strains

lol and curvatures Jkl are known.

2.3 LAMINATE CONSTITUTIVE EQUATIONS

With the exception of defining the stress (Nx, Ny Ny)

y "xy

and moment (Mx, My, Mxy) resultants, the background material for

the formulation of the laminate constitutive equations has been

- presented. The stress and moment resultants represent a system

which is statically equivalent to the stress system that is

acting on the laminate. These stress and moment resultants are

shown in Figure 2. They are defined as follows:

N h/2 a

N =a y dz (11)

Nxy -h/2 y

and,

M h/2 x

.My = y zdz . (12)

M -h/2 "rxxy y

By substituting Equation 10 into Equations 11 and 12 and

separating the continuous integral into a sum of discrete

7
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h/2 N -

xxy
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Figure 2 Stress and Moment Resultants
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integrals across each layer of an n layered laminate results

in:

n hk hk
INj I f I 1k [eoj dz f kk z dzj (13)

and
Nn

[H]. ~ f[Q k f zdz + f [ikiki z2 dz} (14)
!:,,k-1 hk-i #hk-1

The notation for a particular lamina within a laminate is shown

in Figure 3. Since [C~ and [kj are constant across the laminate

*-'-' and k is constant within any layer, the integrals in Equations

13 and 14 may be evaluated. Equations 13 and 14 thus may be

reduced to the following,

[NJ [Al fEO) + [BI [kj (15)

and,

[MI IB IB [,EoJ + [DJ [k] (16)

where
nAij" (Qij)k (hk-hk I  (17)

oi kk-1k-l

n
Bi. - 1/2 E (Qii)k ( -hkl) (18)

k-l

n

Di = 1/3 E (Qij)k (h-nk.1). (19)
k-i

9
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Combining Equations 15 and 16 results in:

N [A B f

[Mi LB DI k . (20)

Equatiu.. 90 is the total constitutive relation for a laminated

plate. The coupling of inplane and bending is apparent in

Equation 20 by the presence of the B submatrix. For a mid-

plane symmetric laminate the B matrix is zero and thus the

actions of bending and stretching uncouple.

"jM i
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S E C T I O N I I I

CALCULATION OF LAMINA STRESSES AND STRAINS

FOR1 AVERAGE INPL0E STRESSES

In order to evaluate the stresses and strains in the lamina

of a laminate when average inplane stresses are known, the

constitutive equation is assumed to be uncoupled. Thus, Equation

20 results in:

X ~x

[lN = A o (21)
y yx-'N' Yo

L-'i Nxy 7 L°-xy-

This equation is converted to an average stress analysis equation

by dividing by the laminate thickness t, thus:

x
0 x

a [At] Efy (22)F xy [°xy

The input average stresses may be input at some angle to the

laminate axis. These stresses are first rotated into the laminate

axis system to obtain the stresses in Equation 22. Therefore

for a given set of average laminate stresses, Equation 22 may

12
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be used to calculate thL laminate and thus the lamina strains in

the laminate axis system. These strains are next rotated into

the particular lamina natural axis system. The lamina constitutive

equation (Equation 1) may then be used to convert the lamina

strains into stresses.

F 4

13



S E C T I 0 N I V

ITERACTION DIAGRAMS

*'.. A laminate interaction diagram is anown in Figure 4. This

diagram is based on the maximum strain theory of failure for each

lamina in the laminate and depicts allowable average stresses for

a particular laminate. This diagram is in reality three dimen-

sional in ax, y) and -xy, where the bar indicates average stresses.

The laminate interaction diagram thus represents a way of

checking stress levels from a conventioaal stress analysis. If

the stress state falls inside the envelope no lamina in the

laminate will fail in any mode of the maximum strain theory of

failure. These diagrams may be developed for many different

laminates and used by a designer in setting thicknesses and orien-

tations.

In order to determine these diagrams, all combinations of

L" unit average stresses are applied to a specified laminate. Next,

the strains el E2, and V12 are determined for each lamina in

the laminate for all combinations of the unit stresses. These

strains are in the natural axis system of the particular lamina.

These strains are calculated as described in Section III. Now,

since these lamina strains were produced by unit average laminate

stresses, the stresses can be ratioed up to some allowable stress

•, 14



if allowable lamina strains are known. Thus, for a particular

shear stress, an allowable set of ax and a is obtained for each

type of failure in each lamina of the laminate.

By plotting these a and a intercepts for the various

failure modes for all layers in the laminate, an interactir,n

diagram is obtained. Figure 4 shows the various failure mode

cutoffs for a particular laminate. This diagram is the minimum

envelope of all the failure mode lines. This procedure is

repeated for shear increments of + 10,000 psi from zero to a

maximum allowable. The maximum allowable shear stress is obtained

from the procedure of applying unit stresses.

In the past, the computer had been used to compute the ax

and a y intercepts for the various failure modes. These modes

were then hand plotted to produce the desired interaction diagram.

A search routine to compute the final coordinates of the inter-

action diagram for a laminate has been written, and is part of

the program described in Appendix I.

15
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SECTION V

COMPLETE POINT STRESS ANALYSIS

A complete point stress analysis of a laminate under an

arbitrary set of loads includes both inplane and bending loads.

The inverted form of Equation 20 is used for this analysis:

CE:] -. :i 1:]. (23)
k jce DO] MJ

If the laminate is midplane symmetric, the submatrix B in

Equation 20 is zero. With this matrix zero, the B' and C'

matrices in Equation 23 are zero, and thus the inplane and bending

effects uncouple. With known inplane stress resultants (Nx, Ny

and Nx) and moments (Mx, My and Mxy), Equation 23 may be usedxy

-'" ~. to calculate the midplane strains (c°x, Oy andv~xy) and

curvatures (kx, k and k The state of strain at any point

across the thickness of the laminate miy now be determined by

using Equation 9. Since thelelk vector is still in the x-y

coordinate system of the laminate, it must be transformed into

the natural axis system for the particular lamina in question. The

particular lamina constitutive relation, Equation 1, may now be

17



pie

used to compute 3amina stresses. These lamina stresses and or

strains may then be used to calculate margins of safety from a

failure criteria. This completes the point stress analysis in

that the complete state of stress and strain has been determined

in every layer of the laminate.

-1

~18
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S E C T IO N V I

THERMALLY INDUCED STRESSES

The thermal expansion problem can be approached by calculating

the thermally induced inplane stress INTI and moment IMTI

resultants using

h/2

I N~' (-T)f Q dz, (24)

and h/2

IMTI (-T)f IQ1 z dz, (25)

-h/2

as presented in Reference (9.The 1QI and lal matrices in the

above equations are the lamina stiffness matrix and the vector

of thermal expansion coefficients respectively in the lamina

natural axis system. The product of {QI andlcajmust be rotated

into the laminate x-y coordinate system before th1. integration is

carried out. With the lamination temperature assumed as the zero

stress state, -T, is the change from this lamination temperature.

Note that (-T) is outside the integral, thus assuming a constant

temperature across the thickness of the laminate. After the

thermally induced stress INTI and moment IMTI resultants have been

found by using Equations 24- and -5, the point stress analysis

proceeds as described in Section V. Thus with this type of

19
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~D.

forwdlation, the thermally induced inpiane and moment resultants

may be considered separately or added to corresponding resultants

produced from other types of loadings.
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SE C TIO0N V II

INTERI.AMINAR SHEAR STRESSES

L2 'The interlaminar shear calculations for -r and - were
xz yz

approached by making some simplifying assumptions. These assump-

tions will be pointed out in the following discussion. The shear

resultants Qx and Qywere obtained from Reference (3) as,

x XX + ' B16 u Px B6  Uyy lVxx

+(12 + 66) v 0 )xy + B26 vo, - Di1 W'x (26)

-3D 1 6 w~x - (D1  + 2D66  W D 6 w

and

Qy 16u 0IX + (B12 + B 66) u0 xy + B26 u0~y + B 66 v0, x

+ 2B26 v )xy +B22 v0  - D1  Wx (27)

-(D1  + 2D66) w, -2D 26 wlx - D22 w,

where B..j and Djare the same terms as in Equations (18) and

* (19) and uo, v0 and w are the midplane deflections. Equations

26 and 27 reduce to the following for midplane symmetric laminates:

11 WIx -3D16 wlx -(D12 + 66) wX - D26 w, (8
yyy

21
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and1o -YD16 ,; (D2+ 2D6 -~I~ 2D6~Y D2W~. (29)

= -D1  - D26 Wyy (30)

and

*Qy = D16 WIcxc D22 Wlyyy. (31)

Now by using Q, and Qas known or input data, Equations 30 aad

31 may be solved to obtain expressions for w~x and w y

-~~xx w,,_c ~ 22 Qx + D26 %j (2

* and

wlyyy D ~ 16 Q~ - 11 Qj (33)
% -j

* where

D =D 1  D2 - D1L6 D26  (34)

The interlaminar shear stresses are given as

(k)k) (k (5
xz ~ 1'i'X +x Q26 Wyyy] +(~, + kw f(k) (x,y), (5

and

(k)(k 2 ~yy
M[ (k) w + (k) wy]+ " (k) (1(6)

22
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% after cross-derivative terms and inplane deformation terms are

neglected (Reference 3). The Qij terms are the lamina stiffness

V terms rotated into the x-y coordinate system. The functions

f(k)(x,y) and g(k)(x,y) are determined by using the boundary

conditions that r., and r are zero at the surface of the plate.yz

The final form of 7 (k) and (k) is
xz Tyz

-(k) 1 (4Z2_ 2) [ii w, + , (37)TZ XXX)(4 , 2 , y(7

and

(k) (4Z2h 2 ) & x(k) x + (k) 1y37y1(z(Z w (38)
yz 8~) -1 l 6'wxxx Q22 W

where h is the total laminate thickness. Thus by solving

Equations (32) and (33) for w, and w,yyy, Equations (37) and

(38) result in values of -rxz and "yz at any point of the cross-

section. The shear stresses resulting from the use of Equations

5.
-
,.

(37) and (38) are based on two assumptions: (1) midplane symmetric

laminates, and (2) neglect of the effects of the cross-derivative

terms which appear in the Q and Oy equations. The effect of the

midplane symmetric assumption is clearly not significant in many

cases since most laminates used in actual design are midplane

symmetric. The effect of neglecting the cross-derivative term is

the same as assuming the plate acts like an uncoupled beam in

both directions. It is felt that this is not a serious assumption

for the first pass effort at obtaining interlaminar shear stresses.

23



SECTION VIII

ANALYTICAL RESULTS

The analysis described in the preceeding sections has been

programmed for an IBM 360-65 digital computer as program SQ5. The

original program U65 was written by M. E. Waddwups. The following

is a brief paragraph describing the results obtained for each

of the major contributions of the program.

8.1 INTERACTION DIAGRAM

Figure 3 shows an interaction diagram obtained from the

procedure SQ5. As stated earlier, the program prints out the

*x and ay coordinates of the corners of the interaction diagram.

The user then plots these points and connects them with straight

lines to obtain the interaction diagram for a particular rxy

value. The rxy value is printed out along with the ax and ay
2 coordinates.

Lamina strain allowables must be input along with the usual

lamina properties such as thickness and orientation in order to

compute the interaction diagram coordinates.

8.2 BENDING ANALYSIS

In order to check the bending analysis subroutine in SQ5,

*dta from a standard 00 flexure test was used. SQ5 predicted

C4

24
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the expected Mc/EI strain to be 7026 pin/in., while experimentally

a value of 7100 pin/in.was obtained with the use of strain gages.

A test program which will include cross-ply beams will be initiated

at a later date.

8.3 INTERLAMINAR SHEAR

The interlaminar shear stress distribution calculations in

SQ5 have been checked for a m-dplane symmetric laminated beam.

The distribution checked very close to the distribution obtained

from a photoelastic coating on an experimental beam. A midplane

symmetric laminate and beam action were the two basic assumptions

in the interlaminar shear stress derivation, thus very good

results were expected and obtained for this situation.

8.4 THERMAL EXPANSION ANALYSIS

The thermal analysis section of SQ5 has been checked by

comparison with a +150 glass !aminate by Tsai (Reference 2). The

coefficients of thermal loads (NT and MT) obtained from SQ5

check the results of Tsai.

This analysis also produces the laminate coefficients of

thermal expansion. As an example of the accuracy obtained, 3Q5

-6predicted an C1 of 3 x 10-  for a 00/+600 boron laminate while
a value of 3.25 x 10-6 has been obtained experimentally.

25



SECTION IX

SUMMARY

An existing computer program, U65, has been updated and

expanded in several respects. The major changes are as follows:

(1) a point stress bending analysis using the full laminate

constitutive equation has been included, (2) thermally induced

moments and inplane stress resultants may be included in a point

stress analysis, and (3) a simplified interlaminar shear stress

analysis based on beam action and midplane symmetry has been added.

-. The overall program was also modified to make it more efficient

from the users point of view as well as machine efficiency.

Several basic checks were performed and the program should

now become the laminate analysis program for use in linear analyses.

6'
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; A P P E N D I X I

DESCRIPTION OF COMPUTER PROGRAM SQ5

The analysis presented in Sections I! through VII has been

programmed as computer program SQ5. The forerunner of the present

program was U65. The program SQ5 consists of a main program and

seven subroutines, four of which were added in producing SQ5. In

summary, U65 was modified as follows in producing the computer

program SQ5:

1. The input was completely revised.

2. The input data was written out as the first item of output

3. The input and output were updated to the current notation of

Reference I

4. A point stress bending analysis was added

5. A laminate thermal stress analysis was added

6. A search routine for the interaction diagram coordinates

was added (written by R. W. McMickle)

7. A simplified interlaminar shear stress analysis routine was

added.

8. Multiple option capability was added whereby many parts of

the program can be used with a single problem input

The funcLion of each subroutine is described below. A

description of each card entry will be given in Appendix II.

27



MAIN Program

The MAIN program is used to read and write out the input

data. The input data is written out with identifying information

in order to facilitate a check of the problem data. Current

notation is used for all the output data. Next, the main program

computes the laminate constitutive relation (Equation 20).

The remainder of the main program decides which of the

subroutines will be called according to a list of option keys

which have been input.

Subroutine STEC

This subroutine computes laminate strains for all combinations

of unit average stresses. These laminate strains are needed for

interaction diagram calculations. If a point stress analysis

using input average stresses is to be performed, this subroutine

rotates the input stresses (they may be input at some angle to

the laminate axis) into the laminate x-y axis and oomputes the

corresponding laminate strains.

Subroutine SSRC

This subroutine rotates the laminate strains found in STEC

into the natural axis system of each layer in the laminate.

Using the lamina constitutive relation, these strains are used

to calculate lamina stresses. Margins of safety are also cal-

culated from the lamina strains. If an interaction diagram was

28
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called for, allowable lamina stresses are calculated as described

in Section IV.

Subroutine SURFS

Subroutine SURFS calculates the 0. and ay cutoff allowable

stresses which are used in plotting an interaction diagram.

First, the laminate strains found in subroutine STEC are rotated

CK- into the natural axis system of each lamina in the laminate. Now,

since these strains were produced by unit stresses, allowable

stresses can be calculated by ratioing with an allowable strain.

This procedure is repeated for all combinations of unit stresses

and for increments of x is initially set equal to zero

and then increased in increments of +10,000 psi. until the

maximum value is reached. The negative increments of 7xy are

necessary only for non-rotationally symmetric laminates. The

final coordinates of the interaction diagram reflect the minimum

envelope for both + and - rxy increments. The maximum value of

T'xy was calculated in subroutine STEC.

Subroutine SURFS next calls subroutine ISECT which will be

described in the following paragraph.
:0 .,

Subroutine ISECT

This- subrouti-neas written by R. W. MMickl.. and is a

highly specialized search routine for the final coordinates of

the interaction diagram. ISECT is called one time for each

29
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increment of Txy, thus all the interaction diagram coordinates

are printed for each Txy interval. The subroutine uses the Ox

and a intercepts for the various failure modes which were cal-
y

culated in subroutine SURFS. The a, and a intercepts are also
x y

printed and may be used to obtain the desired interaction diagram

if the user wishes to see which of the modes control the various

failure lines.

Subroutine BEND

Subroutine BEND first computes the inverse of the laminate

constitutive equation (Equation 23). Next, the subroutine prints

Equation 23 and uses it to calculate the laminate midplane strains

and curvatures (see Section V). These quantities are then

used to calculate the state of stress and strain in each lamina

of the laminate.

Subroutine TEMP

Subroutine TEMP uses Equations 24 and 25 to calculate the

thermally induced inplane stress and moment resultants. The

laminate coefficients of thermal expansion are also calculated

in this subroutine.

Subroutine SHEAR

Subroutine SHEAR first calculates the third derivatives of

w with respect to x and y using Equations 32 and 33. Next,

30



Equations 37 and 38 are used to calculate 'x and 'y at eachxz YZ

lamina interface across the thickness of the laminate. This

distribution is printed along with the corresponding z position

within the laminate.
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A P P E N D I X I I

INPUT DATA DESCRIPTION

The input consists of problem card deck(s). Data contained

in the problem deck(s) will consist of integers and real numbers.

All integers must be right adjusted in the proper card field.

Real numbers must contain a decimal point in the proper position.

The general content of each card in a problem deck is as follcws:

Columns

1-66 Input data

67-72 Six digit job number obtained from the Computing
Laboratory

73 The alphabetic letter "P"

74-75 Number each problem within a problem deck sequentially
from 01

76-79 Number each card within a problem sequentially from
S.'5 0001

Card Descriptions

Card 1:

Column Contents

.,- 1 Blank

2-66 Problem title or identifying information which will

be printed at the top of the first page of the

problem output. Any alphabetic or numeric symbol

may be used.

32
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Card 2: (815)

Column Contents

1-5 KEY . - 1-Program terminates after computing and

writing out the elements of the constitutive

matrices (See Equation 20)

= O-Program operation continues after compu-

tation of laminate data.

6-10 KEY 2 = 1-A point stress analysis will be made on

input sets of [Ntand IMI. One card per

load case must be added to the problem deck.

This key must also be set equal to one if a

thermal analysis is to be performed.

- 0-No point stress or thermal analysis will

be done.

11-15 KEY 3 1 1-A point stress analysis will be made of

average stresses a , , and 0. 0 is

the angle at which the stresses are applied.

This analysis is for inplane loads only.

= 2-An interaction diagram will be computed for

the input laminate.

16-20 KEY 4 1 1-Thermally induced inplane INTI and moment

[MTj resultants will be computed for an

input temperature. If 1(EY 4 = 1, KEY 2 must

be set equal to 1.

C. 33



Column Content

- -No thermal analysis will be made.

21-25 KEY 5 - 1-An interlaminar shear stress analysis will

be made for input values of Q and Q
INx y

= 0-No interlaminar shear stress analysis

will be made.

26-30 MA = Number of layers in the laminate (max. no.

400).

31-35 NOMAT - Number of material types (max. no. = 400).

36-40 NCL - Number of loading cases. This applies to

sets of INi and IM], temperatures, and V

Qy. (max. no. 10).

Third Group of Cards: (7F9.0)

Column Contents

". 1-9 El(l) - Modulus of elasticity along the first or

1 lamina axis.

10-18 E2(l) - Modulus of elasticity along the second or

2 lamina axis which is orthogonal to the 1

lamina axis.

19-27 Ul(l) - First poisson's ratio

28-36 G(l) - Shear modulus of elasticity

37-45 ALPHAI(l) - Coefficient of thermal expansion in

the 1 lamina direction.
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Co lumn Contents

46-54 ALPHA2(l) - Coefficient of thermal expansion in the

2 lamina direction.

55-63 ALPHA6(l) - Shearing coefficient of thermal expansion.

Additional cards of this type are added for each type of

material in the laminate up to NOMAT as input previously. A

maximum 400 such cards may be used. Thus, a different material

*type may be assigned for each layer in the laminate up to the

maximum number of layers which is allowed.

Fourth Group of Cards: (215. 2F10.0)

Colurn Contents

1 - 5 LAY - Layer number

6-10 MATYPE(1) - Material type number

11-20 TH(l) - Counterclockwise angle from the laminate

reference axes (x,y) to the lamina natural

axes (1,2). The angle is input in degrees.

-* 21-30 AT(l) - Lamina thickness.

Additional cards of this type are added for each lamina

in the laminate up to MA as input previously. A maximum of 400

layers may be inptc as described.

Fifth Group of Cards: (6F10.0)

35

4,4



Column Contents

1-10 CALEl(1) - Compression limit strain allowable in

the 1 lam ina direction.

11-20 CALE2(1) - Compression limit strain allowable in

the 2 lamina direction.

21-30 CALE3(1) - Negative limit shear strain allowable.

31-40 TALE1(1) - Tension limit strain allowable in the

1 lamina direction.

41-50 TALE2(l) - Tension limit strain allowable in the

2 lamina direction.

51-60 TALE3(l) - Positive limit shear strain allowable.

Additional cards of this type are added for each type of

material in the laminate up to NOMAT as input previously.

Sixth Group of Cards: (7F9.0) (Optional)

Column Contents

1-9 N(l,1) - Inplane force resultant in the X-direction

for load case 1 (lbs/in.).

10-18 N(1,2) - Inplane force resultant in the Y-direction

for load case I (lbs/in.).

19-27 N(1,3) - Inplane shear force resultant for load case

1 (lbs/in.).

28-36 M(,l) - Mx moment resultant for load case 1

(in. lbs./in.).
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Column Contents

37-45 M(1,2) - My moment resultant for load case 1

(in.lbs./in.).

46-54 M(1,3) - Mxy moment resultant for load case 1

(in.lbs./in.).

55-63 T(l) - Change in temperature for load case 1

(+ or - with respect to the lamination

temperature).

Additional cards of this type are added for each load case

up to NLC as input on Card 2. A maximum of 10 load cases may be

input. This group of cards is optional in that it would be

omitted if (1) laminate properties only were desired, (2) an

interaction diagram only were desired, and (3) only interlaminar

shear stresses were desired.

Seventh Card: (6F10.0) (Optional)

Column Contents

1-10 SIGI - Average laminate stress %i acting in a
direction of an (a, fl) system at some angle

PHI from the laminate (x,y) axis system.

11-20 SIG2 -Average laminate stress

21-30 SIG3 - Average laminate shearing stress

31-40 PHl - Angle in degrees from the (a,i9 ) system

to the (x,y) axis system.
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This card is input only if KEY3 1 1 and KEYl -KEY2 =

KEY4 - 0.

Eighth Group of Cards: (6F10.0) (Optional)

Column Contents

1-10 QX(1) - X shear force resultant for load case I

(lbs./in.).

11-20 QY(1) - Y shear force resultant for load case 1

(lbs./in.).

21-30 QX(2) - X shear force resultant for load case 2

(lbs./in.).

31-40 QY(2) - Y sheer force resultant for load case 2

(lbs./in.)

41-50 QX(3) - X shear force resultant for load case 3

(lbs./in.).

51-60 QY(3) - Y shear force resultant for load case 3

(lbs./in.).

Additional cards are added as needed until the number of

" load cases (NLC) has been fulfilled. These cards are input only

if KEY5 = 1.

Output Data

All the input data are printed with identifying information.

This listing may be used as a check for input errors. The output
.38
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data are printed with appropriate headings and information and

is thus self-explanatory. Appendix I also contains information

on the output of the various subroutines.

Restrictions

The number of layers (MA) and the number of material types

,  (NOMAT) may range from 1 to a maximum of 400. The maximum number

of loading conditions is set at 10. The other restrictions on

the program are in the use of the KEY optons. These options were

discussed earlier, and Figure 5 contains a flow chart showing

which combinations of output may be obtained with one problem

input.

Estimate of Running Time

The run time may be estimated using:

T (minutes) = 0.3 + (0.1) N

where,

K.." N - number of problems.

I'3F'.
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APPENDIX III

PROGRAM LISTING
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.-Ner

C(JMMrN 41.130), CAir~t4f~rU, CALF2(4001, CAILI3(400h9 TtiLEI(404fl, s V) lt I

2 02AL2(400) rAL(40) IL ( 3319 9H(393O) .(3,34). A(013)v SO si)0

3 AT(400), E1(400). 1:2(400), Ul (400)9 02 (4" t), . . 40()), S41(ld)v S 5 )00 4
4 (ThAQ(4)0,t393) GAM(3,40003), S A(143 n 1 S2 A(W0n),9 S 3A 400 ) 'o500
5 S J( 1230). S15 0).y Y(50, Y (50) , XN (50) # YN ( 50 ), F X (3) FY ( 3 S(S),))06
6 SIGX( 1200). SIGY(12C%),* MATYP5(4001so510

r () 4A 11N B S TAR 3 93 1, C 5T AR(3 #3 ),vr DST A R (3,3),v )S T A I!( 3 v3 B 1I) C 3 93) SQ 5110
I A PP IM E (393 ), 8P RJI'AF(f3 ,3 CP R I M ( 3 93),.r fP P 1M E(3,3 ) A S T A Q 1393 SO 5 V0 9
2 FAB(393)o L1401), 1(393', EO(1093)9 E(13940193)9 K(1O,3),pe s))1n
I N(l0,3)9 M(1093)9 AJT(10931, MT(1093), 0011(40n), 3022(400)t SICI10 I
4 0012(4-30), Qj6b(40O-), ALPHAr(4oois TAL(3941o)9 TQA(39400), S 1)2

5APHiA (400), ALPIIA2 (410), ALP404W(4o) , T( 13) v OX 10), vY(9) S;j 501

C.'mM,0N C f.,p Ci02?* S I S12# KEYI, KFY2, KFY39 KEY4# KEY5, SIC(', SIC*1,S15).)14
I S ICG?, S I G3 9 ~H 1 0 N1, 1I, J 91 I9 14, v 9 N 9 )AF , I I LnR, K(, IS Q5 1)15
?16, NL.', DAF3, OAFs,, ATT, L, ILL, MR~, IEL S 50016
RrAl. K9 N, Ms, NT, MT S05001 7
CALL GSTART (3HSJ59LGP) S0510018

10 CMkL PRnfi S05101i9

C RS EA() IN PROBLEMI TITLE ***S0Cc002 1
r S 5 ) 022

REAP(591300I S')5002 3
WIF61000) So 50)02 4

'1c S1.50025
C **REAP' IN PRUbLEM UATA ***S0)500)26

4 S-1050027
P F AD (5.9 10 10) KEYlt K Y2, KF Y3 9 KE Yf#, KE Y5, MA, 9 OMAT, NLC SQ50028
WR IT E( c95 0 00 ) K IY 1, KF Y2 , K EY3, K l K FY5, MA, NOCMAT,# NLC S' 50029

2o 00, 30 1 = lN3MAT S 5-113 (
R F A[ ( 5,10 25) E 1 (I, E 2 ( I U3() I I 1)f, A LPH A I II At 0HA2 I) S050131
I ALPHA6( I) SO 51))3 2

"3n .0cnNTINUE SQ5flf33
WR ITr (695090) SO 534
WRIT F ( 6 t5 C20) Sf350039
WRITEL6,503U) (1,EItl),E2(I) ,tJ1(I) ,()ALPHAl(I),ALPHA2( I), SQ51-136
1 ALPHA6UL), I = 1,NnMAT I S050037
WRITF (fiv!C90) SQ50-138
WRITF (6,5040) S0511)39
Dr) 401 1 ,MfA SQ SJ 04 0
RFAP (5v1030) LAY, NATYPC(I), THMI, ATM) SO5004 1
WR IT r(6, 5050 ) LAY, MATYDP!) , TH(II, AT( 1) SQ351042

40 CONT INUE SO 5104 3
RFAD (5,1020) (CALFIMI, CALF2(1), CALE3(), TALEI), TALU2(I)9 S05,1044
1 TUtF3(I) 9 1 1 N PMAT ,SQ 5004 5

WR I Tr (b5090) So505~4
tWR.IT F (b 91050) S050047

1 T AL F? 1) TA,.L 3 ( I I = 1I NrV4T SO S5104 9
C 50) * 05 0
C LOCATE TiiE MIOULE SUPFACE S()5135i

4.,I 505"1U5 3
-,1(1 = MA + 1I0 1 5

00 50 12 = S,4B ) 9 '54
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1 60 13 = 294 SO1.1057
4HI13) x AT(13-l) hl~(13-1) s'Th'0)15 8

60 CONTINUE S-05151
4K - AH(Mgf)/2.0 SIm 1) )J6b.
M70 14 x 1,nS SO51'))b I

AM1)2 At, 41- AH4K S05')()2
ATT =2.0*AHK O5J3

70 rONT INUE SQ5'1)h4
r SQ51fl65
C CnmpUTI- THE MJUJL1 or IACA LAYER SO 5O')b

C, SO 50f)() 7
171 80 15 194A so 5-I)M.e
th6 MATYPEE 15) S55)u69

U211 = 1.0 - UI / t)~I ( I6)*U( S50071

01( 1') =EI16) /H S 51VQ7 2
02-(15) =FZ(16) SO Sf))7

02( 151 0 11 (15)1*U2 It6) SO 510 74
066(15) =G1161 S050075
CON = TM4 15)*0.0174513 SQ 50076
CO =CVS(CON) SO50)77

COP? a ,LO**2 S05'0178
CJI=C** S 0500179

S12 = S1**2 S0513082

S13 SI*3 S500081
S14 =S12** 2 SOb')084
SIC('r= S12 * C02 S0571085
01AP(I5*191) = 01LHISW0Cf4 2.0*(012(15) +2.0*'W'6(I5))*S1C1 SQ5-0N6
1 322(1SV*S14 S55087
OIIAR(I5,l.2) =(.J11(15) +022(15) -4.0*'X,6(15))*SIC0 +- S50088

I JL2(5* S4 + C.04) SO50089
OA8AP(15*193) z (411(15) - 012(15) -2.0*066(I5) )*C033*Sl + SO50090

I(012(T1 - 022(151 + 2.fl*Q66(I5))*S13*CI S55091
')BAP( 1529 1) a I)BAR(I5,1,21 S')5rvO92
JAP(15.292) = )11(15)*S14 + 2.f*(12U151 + 2.0*066(15) )*SIC,' + S053093

I QM2(SW*04 S0') 09 4
)3AAFII59293) 2(J11(15) - 012(15) -2.fl*066(IS))*S13*Cl + S450095

1 J.~12( 15) - Q22 (15) *?.o*0b6(i5fl*r03*SI SO 50 0q6
')BAR (15, 3t1) 2 8 '.A( 15 t1 93) SQ'9119 7

3'3AM45,3*31) =411(15) + Q22(15) 2.0*012(15) -2*0*0661I)* S051099
1SICn + 006(15)*(S14 + c04) S051100

83 CINTINIF SO 50 10 1
r SO 50) 13?2
C CuMllTNt THE L-IMIJ4 SQ r,110 3
c SO 5.)104

W0 J0) 16 = 1.3 S50 10 5
i~n 90 J6 = 1,3 S950106
A(TbJ6) = 0.3 5.05'1) 10 7

j13(169J6) =0.0 SO 50108
Wl IbJb) = 0.0 S0mi1109

9.0 Co NT IN UE 5f.)111
V) 0 CUNT I NUF SQ 9) 112
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M0 13c 1oc 1.3 SOSOI13
On, 120 JtJ z1.3 S050 114
D.1 110 NN z 19MA SQS so I r
AU( 69J6i a A(IbJ6) + 00)AfRiNNI6,J6I*(A,4(NN+s1)-Ati( NN)I SQSII116
M I1b9Jb) = 1a(If)J6) + OiA(NN9[6tJ6)*(A'4(NN,11**? - AtPINN)**21 S-150117
D( IbqJ6) = )(16.J6) + 0RAP('4Nv169J6)*(AH(NN+1)**3 - AHl(NN)**3) SO0(118

110 CONTINUE SQ 50 119
K,120 CON~TINUE S O1

13() cnNTINUE S()SO121
')r 150 183 = 1 ,3 S )1
M, 140 Jd 1.3 On2

R I dtlJSI x [1U18,JS) / 2.0 S051124
D ( 1.J8) - O(18.Jd) / J.") SO 5') 125~
aflT(I8,j8) = A(189JH4) / ATT S'Pil 12 6

140 CONTINUE SQ 9i" 1??7
1I0 ocnNTINUE S0511128

r S051129
C COMPUTE Tt-E AL MATRIX S1501130
C S0501l31

DECT = IA 0T ( 19 1 ) 0 T 12,?)1*A[IT (3 3) 1 fAO T 1,2)WIT (2,3*AUT (3,1) SJ5-1 132
1. + (A0T(19J)*A0Tf2sI)*A3Tl3v21) - (A0)T(193)*AOT (2s2)*A0T(3,1)) SJ50 13 3

?- (AnT(1v1)*A0T(2v3)*A0T(3,21) - (Al.T(192)*AT(2tl)*AT(193)) S.)5)13 4
ALU1,1) = (A0T(2.2l*AOT(3t3) - AOT(293)*AOT(392)) / DET S0513S
AL(192) =(AOT(2,3)*AO)T(391) - AOT(2,1)*AnT(3931) / OFT S050136
AL(193) = (A0T(2*1)*AflT(3t2) - AOT12,?)*AOT(391)) / OCT SQ50137
aL(292) = (Aori,l)*A0TC3.3) - A0T(1,3)*A0T(3sI)) / OFT SQ5c'138
"1(2.3) = (A0T(1,2)*A0T(3s1) - AGT(1,1)*AtlT(392)) / OCT Q03

:4AL(393) =(A0T(l,1)*AOT(Z92) - Al1T(12)*AflT(291J) / OFT S150140
AL ( 2 91) = A L (1 2 ) SO55114 1
AL(3ol) = AL(1*3)S'514

ALl 3.92 ) = AL(2,31 S') 5" 14 3
00r 155 1 = ,3 Sl'/) 144
Dn 155 J = 1.3 S5' 514 5
AT(IvJ) =AL(19,j)/ATT SOr S.' 14 6

15'i CONTINUE Sl 5 ) 1417
FE = ./ALCI,1) S35014e

P0JI =-FEI*AL(1,21 S')';.J 149
FF7 = I./AL(2,2) SQ50150

rF&2 0. S501532
FAI 0. S05r)0153
TFfAL(13).NE.O.) FAI=1./AL(1,3) S050154
IF(AL (29 S).NE . . ) FA?z./AL(2,3p ) 50015 5
WR IT[ (695060) S050156
WR I TF(6 65070) S050157
4R ITE (b 5..80) ACH 91 ) 9A(T1,21 ,A( 1 3) R( 11) 1q 1I,?) ,n8( 113),D( 1, 1 ) 50015 8

1 0 ( ,2 D,( I1,3) 9 1 1, 3) SO501159
WP.I T E 6 s50 90) ;Q So16 0
WR IT F(6 t5100 ) S0 50161
WRTTF (695110)(AJT(J,1)t AOT(J,,?), Ar1TJ93), At(J,l), AL(J#2)t %)5)162
I AL(J,3), J =,3 )l 950 16 3

%WRITF (69.,120) SQ5O 164
WR IT E (6.95 130) FEI, FE2, FUl, F:7 SO50165
IF (KEYI.GT.0) CALL RF NOS 550166
IF (KEY1.GT.0) GO T') 10 SQ50167

IF (KFY2.EQ.0) GOl 10 160 SOS5 168
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00l 156 L = 1NLC S050169
\REAI (5,1025) N(L,l), N(L,2)9 N(L,3), M(L9119 M(L,2)9 4(L.3)9 T(L)SO50170

1.' 56 CONTINUE S050171
IF (KFY4.EQ.o) GU TO 158 S050 172
CALL TEMP SQ 50173

1593 CONTINUE S0'50174,
WR I TF(6, 1070) S050175
DO 157 L a 1,*ILC SOSO 176
WR ITE (69IC 80) L S050 177
WRITE(691090) N(L9119 '4(11) *(L#2, M(L92)9 N(Lv3)* '(1,3), T(L)SQ50178

*157 MJNT INUF SQ5nl179
CALL SErND S051180

160 IF (KEY3.EQ.0) Go TO 180 SO50181
IF (KEY3.EQ.2) G TO i 008
REAI) (59102U) SIGI* SIGZ, SIG3, PHI SQ50183
wRiTr (6#1040) SIGI, SIG2# SIG39 PHI S050184

170 CALL STEC SQ50185
CALL SSRC 508
IF (KEY3.EQ.1) GO Tl 180 SQ50187

CALL SURFS S050 188
180 CONT INUE S050)189

IF (KEYS.EIJ.O) GO Tn 10 SOSO 190
READ (5,10201 OX(I i q QY(I) I 1 1 NLC 1SOSO191
WR ITF(6,5 14J) S050192
WRITF(,5150) toI QX(I)v QY(I,19 I 1,NLC) SOS50193
CALL SHEAR -SOSO Q4
G) TO 10 5050 195

SQ 5019 6
1000 FORMAT (,HSQ50197

1 3 S050198
1310 FOPMAT (815) S050199
1020 FORMAT (bFI0.O) S050200
102 5 FORMATI 7Fq;.W S000

110FnPMAT ( 21592FI0.01 S05-3202
10401 f-r)RMAT ( lHI.5Xtt*** INPUT AVERGE STRFSSrS ***I//5X,'SIGNA-1 S500

Irlo.2,5X,'SI:;MA-2 40-10.?,5XtIAIXY :9 ,FIO.295XANGLE T STRESQ50204
2SS TATE= 1,10.5SQ50205

1051) FORMAT(///.' *** ALLOWABLE STRAIN OATA ***l//1K,'MATYPEl,3X, SQ50206
I 'LIMIT STRAI',IX# SQ50207

JF 29L fMIT STRAIN' 97X#,'LIMIT STPAIN' t7XtL'4 IT STRAIN' ,7X#ILIMIT STRAISO)5O2OR
JI ~ 3kl'97X*LIMIT STRAIN'/1OXOll - )IRECTI(JN9,6X,02 - DIRECT[ON1,9X, SQ50209

4'SlffAPlsllX,'1 - UIDECTim'.6X,'2 - DIRECTIflN9,9X**SllEAP'/1IX9 S') 50 210
rC(1MPPFSSIN,8X,'COMPRSSIN,8X,NE('TIVE,12X,.POSITIVEe,1lX, S0511211

6vP0SITIVhl,11K,.POSITIVC*//S501
1060 roRMAT (1X9139 ax tr7,4t 12XtF7*4#I1X tFT.4913 XtF7.4, 12XtF 7.4t,12X, 9 05n213

I F7.4 S 050214
1070 FnRMAT(1H1l,1X,*;x INPUT DATA -1R COMRINED N M N ANALYSIS ***'//)SQ50215
1080~ F3RMATJX,11LOA.) CASF- NUMBER 0,12 S 050216
1090 FORMATt 5X,INX lv',lO.O,0lX9MX = ',Fl0*0 SQ 550217

I 5X,'NY S F001XM ='FO0I 050218
2 5X,'NK = ',rI.00x,'MXY = '10.0)I/

3 5X 9'TEMPE RATjtCE = 0,FIO.Ol S//// 050220
5030 FIPMA.T (111115W, A** INPUT DATA ***4 S, 050221

1 5X*'KEI = '9I 1 5XKEY2 = '915 If5X9,KEY3 ='015 SI 050222
5X9'KEY4 = 4*15 II XtlKEY5 ='915 IfS050223

3 5X,fTHE NUMBER UF LAYFPS IN Til L6MINATE IS 1,12 IIS050224

45



4 5X9 'THL. NLMBLR 'IF MAATFF IAL TYPES IS 9 12 //S050225
5 5X94THE NUMBER OF L1ADINS CON')ITIONS IS 1912 S/) 050226

- ~ ~ -i020 FORMAT I IHC;,$*** MITFPTAL DATA ** /)S050?27
5030 F)PMAT ( 5KOIMATYPF 6 , 5X,'Fl',IA4X,'F?* 14X9'UI' 15X9,'C,' 915Y #1LohASQ50228

11,l0OX,'AI0rHA'2,iUX'ALPiA6' IfI6X#13, ixtrigo; ix,E-15.7, 1.". S*)5)22Q
442 E15.79 1XsE15.79 IX,E15.7, IXEl5.7* 1X,E15.7 i S "3 0

1V 5040 FnRMATUlHltl*** LAYrP DATA ***I//IOX,'LAYFR NO. M4TYPFl,7X,'flRIlS0)?l1
INTATION4,11WTHICiQJFSSIf S S )5-123 2

li0'3() tI:OpMAT (5X921l0,2F?0.5) SO51)23 3
'5361) FORMAT (1H1,///15X,,v** OUTPUT DATA ***lf//1OXq1(r3MP0STTF PROPEPTSQSO234

I IE'I/3S5123'
'307r F-IRMAT (IH ,15WA YATPT XI,35X,98 MATRTXl,35X, MATRIX1// I SO50?lb
5080 f'IkPAT ( 1H ,E12.592)P 12.52X,12.599',E!2.5,2XEl2.5,2XFFI2.c,5XSQ5o)237

IE12.5t2X.E12.592X~rt2.5/ SO550238
5090 PORMAT ii S050)239
5100 FORMAT ([H qiSX,l(A/T) MATRIX#5X,lcA/T) INVFPSF MATRIX'///) S050?4k0
51.10 FORMAI (IH ,El2.5,2X,FI12.5,2XE-12.5,5iXEl2.5,2X,F12.5,2XtE12.5 I) Q50241
512n FORMAT (IH //xrEA LA'OINATE ELASTIC CCNSTANTSI/I ) S051242
5130 FIRMAT(lH #'EX ='#E12.592WEV =l9El2.5,2X~l0X =',El2.592X,'CXY =$SQ59243

N 1,E12.5 I/l3SQ50244
5140 rORMAT (lHl,IUX,**** SHEAR FORCES **'If5X9*LOA0 CASE'* 6X, S050?45

I '0X',9 dX9 lOYl // ) SO 5024 6
5 150 FrPRMAT 8X 8x12 94 X t f1.0, F10. 0 1SQ50?4 7

c S050248
-~FN 0 SQ 5024 9
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SIUBPOUTINE STEC S53750
C.OMMON AL(3,3), CALFl1(400)9 CALE2(400), CALE3(40r0), TALE1(400), S051251
I TAL&2(40C), TALE3(40019 AOT(393), TH(40019 Q 11(400)9 Q12(400)9 SW 5)25 2
2 IP?(400)9 066(400), RLFIIB)9 A(393), 8(3t3)9 011303), AH(401), SOQ'1'S3
3 AT(400)s EI(400), F"'(400), 01(400), U2(400), G(400), SRi11ti), Sfrh1254

FJ1 4 ORiAR(400,3931, GAM(3,400,3)9 ilA(400 )9 S2 A(4001 t S 3A (400I h SO53 5 r
S SJU1200)9 S(50), X(50), Y(50) , XN(50)9 YN(50), C-X(3)t FY(3), SQ5)256
6 SIGX(I200), SIGYC 100), MATYPE(40n) SO5112b 1
COMMON BSTAR3o3), fSTAP(3,3), OSTAR(3,3), Q)STAQ!(3,3), 8flC(3,3), 558

I APRIME(3,3)t 8PRVMF(3,3)9 CPRI'AE(3,3), 0 R[1MF3 3),# A STA R (3, 3) SQ 5"125 9

I N(1093), M(1093)9 NT(10,3), MT(lO,3), 0011(400), OQ2(1400), )S.261
4 0 012 ( 40 0), 0 Jbb6( 4 (, A t.PI4IA C( 4 00), T AL ( 3,40 0) T Q A (3 ,4()00b SQ9) 26 2
S ALPHAl 1400), A .PHA2 (4t0, ALP 446(400) t T (1 t ', OXI 10, OY (10 SO 5126 3

CIAnN CU, C02, SI, S129 KEY1, KFY?, KEY3, KrY4, K(EY5, SIC(-, SIGI,1SOSI'?64
1 S10?, SIG3, PHI, CON, It Jo 129 14, MA, NN, DAF, 1I, LDR, K~, SO91265
2 10. NIC, OAF-39 DAI$,, ATT, L9 MLt, MB, DFI SO 5126 6
REAL K, N, M, NT, 'IT SQ5n267

C so 0?bf
C ROTATE THE AVERAGF STPESSES TO THF REFERFNCE AXIS SO 51116
C S950?70

IF(KFY3.NE.1) GO Tn 10 SO 5127 1
C914 = PH1*C.0174533 S051272
Cl) =COS(CON) SQ50273
C02 = CLIv2S051274
if = SIN(CON) S050275
S12 SI**2 S) 517 6

StUD SI*Co S 050277

C I 2 =SIGl*S12 +SIG2*CO? 2.*SIG3*StfCO S05,1279
C IG3 SIGI*SIC(O -siG?*stcn Str,3*(CO?-SI2) S0150280

r. COMPUTE THE LAMi4~ATr STRAINS SQ 502132
CS S51 ?8 3

* *10 mX = 1 S05"284
I F( K E3.F J.2 )4X s S')~2 A 5
00l 20 I=1,MK S05 )29~6
N1A = 3*1 - 2 S50028 7
IF(KFYA..3.1o) GO TO 30 S.)51)288
M7 ')50289
IF(I.GE.4) MZ I -3 SI)5O?90
rIG1 = 0. SQ53291
rIG2 =0. S050292

-IC I 3 = 0. 
S0 50293

LiIF I.GE .4) GO TO 40 S090294
*G) TO (l12 914, 16), MZ S 05 029 5

IAl 17 11 1.0 SW1~296
GOI TO 30 SQ 51297

14 C I G2 1.0 "50029 8
Gil TV 33J S0 5')2 99

10 CI(3 =* 1.50503100
GO TO 30 SQ 1 30 I

40 GO in (42#44946), v Z S050302
4? CI Gl -1.0 S950303

6O TO 30 5Q50304
44 C1 G2 =-1.C S5050 30 5

47



4~- CI-

30 RLF(NA*= AI(A.(19?)1?*IG?AL(13)*C~T.3 I o
ALFINA+l) a AL21*IIA(t)*I2A(#)Cr- SQ0'flQ
E1F(NA+21 2AL(3, 1[*C.IC1+AL( 3,?)*C"tG2+AL(3,3)*CIG3 n

20 C.NTINUE ))UI
RF T(PN S050312i
ENDf S 50 31 3
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W. _.. . 11r. 11,_ww:Jc'Y~T- W_ '~*-c-

SURROUTINE SSRC. S') 31 4

COMMON AL(3,3). CAL3I(4(CO), CALE21400), CALE3(42fl), TALEI(400), Sl150 515
1 TALF2(400), TALE3(400), AOT(3,3), TH(400), 011(400), 012(400), SQ5) 1 6
2 022(400), bb(4JO), ,3LF (18),A( 3,3), B(3, 1, D(3,1), AH(40 1, Q'3),) 17
3 AT(400), E1(400), F214n) , U (400), ?(401,) G(400), SR1(1A), S05' I q

4 OBAR(400,3,3), At'(l3,400,3), S.4400), S24(400), SIA 400), SQ5)31,4
5 SJ(1200, S(51), x(c0), Y(501, XN(50), YN(iO), FX(3), FY(3), S' 5032"
6 SIGX(1200), SIGY(1270), MATYPE(400) S.J1i 321

COMMON B STAR(3, , C'TA"(3,3), r0STAR(3,3), )STARI(1,3), BD(r3,3), S.5 122
1 APPI fr(3,3), AP IMF (3,0), CPPIMFU(3,3), fDP 1E[3,3), ASTAR(3,3), S0 2" 3
2 RAB(3,3), Z(4U1), AI(1,3), FO(L0,3), E(K,(0l,9), '(10,3), !'50324
3 N(I0,3), M(1O, I), NT(10,3), MT(Il,3), 0011(4001, 0022(400),O S03 )
4 0012(400), 0 u1,)), ALPHAC(400), TAL(U,4)0), TOA(3,400), SO5) 326
5 ALPHA1(400), At PHA?(400), ALP'IA'(400), TI1), Q( 10), QY( 10) Slh03?7

C1M'4()N C 0, CU2, SI, S12, KEYI, KEY2, KEY3, Kr'Y4, KEY5, ICC', SIGI, S'fi28
1 SIG2, SIG3, PHI, CiN, 1, J, 12, 14, MA, NN, OAF, 11, LDR, K0K, S05' 2"
2 16, NLC, DAF3t, DAF6, ATT, L, MLI, MR, DEL S,050330
REAL K, N, Mo ATs MT SO5')331

r. SQ50332
-, C SET INDEX SQ5n333

C SQ50334
" NI = I s 050335

IF(KEY3.E.2)NI:6 S,)5J336
WPIT[ (6, 6C00 S050337
30 80 11=1,NI S050338

N2 = 3*11 - 2 SOs) 339
C SQ 5:134 0
r COMIPUTE THE 11POj STRF SS LEVEL SOY)34 1
C S050342

Sri(N?) = tLF N2 *A:) T( 1, 1) +RLF (N2+I)*AflT ( 1 ,2 ) +ILF (N2 +2)*tOT( l, 3 1 SQ50 343
SRI(N241) = 8LF( 42)*A)T(?,1+RLF(N? )1AOT(?,2)+RI.F(N2 +2)*A'QT( 2,3)SO 10344
SBI(N?+2) = 'LF(N2).cAOT(3,1)+iLF({2*1)*AOT(3,2)f0LF(N2+2)*AT( 3, 3)SQ90345
WRITF(6,50) SQ 53 346
WRITTI?(o, 0) S3.142). SRI(N2+1), S31(N2+2) SO5 34 7

C SO 5134 8
C CtMPUTI- TIE ST'&FSSFS AND STRAINS IN FAC( LAYFR SQ5r) 34
C $Q55) 5n

UR TTF(6, IC) FQ50351
0 20 12=1,MA S051352
16 : MATYPE(12) S91553
CON = TH( 12)*0.0174533 ,05.)354
CO = COS(CON) S, 91355
SI = SIN(CON) SQ50 156
(712 = CI1,*2 W 5(1 357
ST? = SI**2 S,1)).358
SICO = SI*CS (h0359
FFI = hLF(N )C 14Lr (N2+I)*S+I L(N2)*SICn SO'))360
rE2 = BLF(N2)*S I +LF N12+1)*CU?-ILr N42 ) SICP SI, h 161
EE3 = -2.x*fLFN2 )*SICO 2.*1LF( 4? +1 )%SICOLF(N2+2)*(C(2-S I?) SO5) If62
Sl = w1112) * EEl + j1Ii?) rr SJ5)C 363
SS2 = 012(12) * EEl + I27(12) 1 SO 50364
SS3 = ob ( 12) * E[l 5(O '1Y365
FIJI = TALE 1(It) SQ 50366
IF(F-1.L L.O.) FU1 = CAIVL(16) S051367
El? = TAt E2( I) S 50368
11 ( t. 2.LL .i . I U2 = (All 9(1W .) ';, 51369

49
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CU3 TALE3( 16) S050370
IF(EE3.LE.0.) E03 CAUl3(16) SQ50371
IF(KFY3-1) 30,30,40 SQ50372

30 AMARI = 100. S050373
TF(FEI.NE.C.) AM~ARI CUI/EEl - 1.0 S050374
AMAR2 z ICC.o SO05)375
TF(EE?.NJE.C.) AMAR2 = U2/EE2 - 1.0 SQ 503V76
AMAR3 10IC.0 S107
IF I E 3 .N E.O0.) AMAR3 Lk)3/EE3 - 1.0 S050378
WR I TF16s70 )129SS I *SS2 v S39E 1 9EE2 9FE3 AMAR I AMAR2 AM4AR3 S05)379
GO TO 20 SQ51300

40 IF(EEl.EQ*C.J GOTO4 SO5,0 1
S 1A (12) = EtU1/E E 1S 5038?2

GO TO 42 S-150383
4? IF(EE?.EQ.0.) GOl TO 't3 SQ0385

S?A( 12): EL2/EF2 S050386
GO TO 44 S051)387

41 S2A(T2)= 1CO00oo.0 SQ50)388
44 1F(EE3*E(J.0.) GU TO 45 5050389

SIA(121 = EU13 / EF3 S55390
GO TO 46 Sri51)39 1

45 S3AI2) = 1000000.0 S-) 0 39 2
46 SO 1 . r-) S)39 3

1 Ff( JI .GE . 4) SD=- 1. S0503 94
SOI=SlA( I 2)*Sj SQ5n3Q5
.S02=S2A( 2)*S) SQ 5039 6

LS)3=S3AU 2)*S) SQ50397
WR ITF(6, 70 )12,SS1, SS?,SS3,EE1 ,EE2,EE3,sOL, S02,S03 SO 51) 9 8

20 CONTINUESO5)3Q
IF(KEY3.NE*2) GO TO 80 5050400
nAz SIAMl SO ')40 1

Co = S24(1) SQ50402
9C=S3A.C) 5050403

1F (mA L-Q. 1) GO)Tr0 95 S500404
DO0 90 14=2,MA S)30
I F(S IA([14.LE. DA) DA =SlA(14) SQ 50 40 6
I F(S2A (14) .L F . DA 9 S2A(14) S05040.

*'IF(S3A(14).LE.DC) DC, = S3A(14) SQ50408
90 CONTINOE 5050409
95 CONTINUE S05041C

D0 = DA S550411
IF(OB.LE.CAF) UAF =11) SQ50412
IF(CC.LE.OAF) OAF =1)C SOS50413

4WP ITF(6, 100) JAF SQ.50414
IF (11 .EQ, 31 I)AF3 = hAF 5050415

IF (11 .EQ. 6) uAF6 = l)Ar SO 50416
RE TUPN S-) 50 418

C 5051419
10 FOPMAT (?2X9'LAYER' )X, 'SIG-l 9 3Xv S[G-21 7 W TAU-12',8X,5TR rN-l ISQ;0420

I .5X,'STRAIN-2e,5At,'CAMmA-121IX91ALL) - MAR-POWXALLO - %AR-?',S050421

Not." 7? 3XslALLU MAR-121 SO5/4
*-50 FORMAT (f/// S55423

60 FORMAT(IH 9' COMPnsITF AVERAGE STAFSSES AT THE PEFFr-NCE AXESI, SQ50424
13X.'SIGX = ,E12.595Xt'SIGY = ,El2.9,SX,'SIGXY= 1,112.5 / S050425

50



70 FORMAT (XL9X~l42tl.tXE143*1.,XEl42# S5)2

1 El1.4,2XEII.4,4XFll.4,4XElI.4 / ) S051427
100 PIRMAT (1H09$AiS.JLUTr VALUE OlF THE MAXIMUM STPFSS ~.E12.4 ) SQ50428

61f)f FIPMAT I H1IMW 5Ji 4?2

FND SOV4 3 1

-51
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~. . ~S(IlSP(TTINE SURFS S'fY1432
CIMMCN ALI 393)e CALt 1(400) v CALE2(400), CALE3(400) TALF1(4O) S051433

I TALF2(400), TALE3(400), AOT (393)t THW4f019 011W4C19 Q12(40019, SO50 43 4

2 0?2(400)t 066(400), i3LF(18) v M933),9R (393) . M393 ) , AH(40 0), S')r)3 43 v
3 411400), EL(400), E2400)9, Ul(4.1)9 (17(400)9 G(400)9 SRL(18), SQ')5)436
4 OFAR(400,3,3)9 GAM(l,400,3) , 314(400)9 S24(400)9 S3A(400l)q SQ5043 7

6 S IGX(1 1200 ), S IG Y 12?00). 9 ATYPS (400)SOo +1
CI'4MON CISTAR(3,3). CSTAMZ(30), DSTAP(3,f 1) DSTAR I 393) vBD 13C3, 3), SJ5M440

I. APFTMF(393), BPRI*-F(393), CPRIME(3,31, DPRIMM(,319 ASTAP(i,3), SJ5)'441

2 fBAF(393)t Z1401), AI1(393)9 EO(1093), E(l0,4fl1,i), KC1O,93)9 Q5-)4
3 N(10t3), M(1031, ;Mrl ,,3). mt(lfl,3),p 00111400). 00'22(400) 9 Sw54

44 ')012(400)t Q-Jbt(400), ALPHAC(400) , TAI.(3,400), TQAf3,400)t SQ.53444
'ALPHAI(4001, ALP~HA?(402C), ALP'iA6(400), TIM0, QX(1I)H, QYCIO) S3)51445
CflmmON CO, C02, SI, S129 KEY1, KEY2. KEY39 I(FY4, KEY5v SICO, SI(,19SO53446
1 S IG2* G 13o P H 1 CON,9 1, J 9 12 , 14,9 MA,9 NN# PA F, I I LDR, K, S050447
.169 NLC9 CAF3, OAF6, 4TT9 Lt MUI, MR, :)EL S050448
PFAL K, N, M, NT, MT 500449

WR!TE(6, 10) S$450450
Ln 200 J=l,MA 541
RETA =TH(J) * 0.0174533 S5045?2
C') = COS( BETA) S0)50453
SI =SIN( BETA) S051Y454
C02 = CO **2 5 5145'
S12 = SI * 2 51 )451

sicO = si CJ cl S5045 7
on 100 1=1,3 S0504581
N 2,? 3 K, 1- SO50 45)

'VGAM(.J, I) =3LF(N.'?)*C0'? + BLt-IN27+1)*SI2 + BLr(N224.?)*ST(0! S 55146 0
GAM12,JI ) = FLF(p422)*S12 +. RLFfN22+1)*r-12 - BLF(N?2f2)*siro4>1
GAM(3.J. I1) =-2.*t3LF(N22)*SICOl 2.*nLF(N22+1)*SICr + rnLFCN22*?) *Q S50462
I U1.02 - S12) 'Ii4,

100 CONTINOF '')51464
20') CONTINuE J i5" 465

DO 400 IIAU = 1,2 SQ 53 46 6
I F ( ITAI. .EQ. 1) DAF = DAF3 S 51ft
IF I TTAU *E-). 2) DAF = OAF6 cQ 51)41.)8
KAB = flAf *0.o'010 + 2.0 SQ)5-1469
00 340 ISAA =1,KA6 sa)7

1T 0 SO'V047 1
WR IT T 163 2b 55o50 4172
WR.ITF!6930) S'J5047 3
A4K = KAA - 51) 4 14IITAUXY = AAK * i.Ono.o S051475
IF(TAIJXY.GE.DAF ) TAWYX ) Ar*o.'.)3 S050476
I F ( ITAo.Eo.2) TAUXY =-TALIXY S5)7

O0 310 J=1,MA S550478
16 = MATYPF(J) Q?7
FX(1 I TALFI( 161 S)'')480
F X(2) = TALE2( 16) S') 5 -)4 1
FX(3) =TALE3(16) SrQ50482
FYC(I ) = CALMI 16) S05048 3

__FYC?) = CALF2( 16) S) 5048 4
Y(-)= CALE3( 161 S')5)485

)n 120 1=1,3 SS'8
')=TALIXY V'AM(1,J,3) S5-15.487

52
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0". X t r .4 r.- . '

01 = FX(1) - 30St6;)48
02 =FY(I 1- 30 SO 50489
XIP z O.1E15 S )514QO
XIN x 0.1E15 S'3 51491
IF(GAM(1,Js1).EQ.O.) GO TO 210 SQ 50 49?
XTP = 01 / GANI(I,J,1) SQ5')49 3E~g IN = 02 / GAM4(19J.1) S)51)494

210 YIP = 0.1E15 SO c )495

-- IF(GAM([tJ#2hCOQ.O.l l TO 220 S050497
YI 1 QI 1 GA4 ( 9J 92 1 S:) 5149 8
YIN Q2~ GA'I(IJ,2) S r.,)49 4

22n' ITALL -I IS 15)0
WR tTr 9 0) J, XIP, YIP, TAUXYt I S-1 ))5n I
AOdITE(69230) J, KINs YIN* TAlUXY# PRALL 5)5)5
It It + 2 S()50503

S 1 11-1) KIP )-r0

SI~X( II) = KINs il06

SI(;Yf I I) =YIN4S500
3201 CiIN UC S,,ij5o

WQ ITF( b. 325) 505')F)()

CALISECT
WRI ~ e 1CO)TAUX 9 ( o X I), Y(I~ 1= 9KK ',J5')512

34n CONTINUEC)51
4L 0 CONT IN lk SO 5' 14
r F FT UPN SQ 1) 515

10 FIRMAT(////4X*YI[LO) SIPFACE ClOOJDNATESI// S 5,1'51 7
3r r3)fMAT 3X $PLY NO. SIG;X INTFRCEDT S1Cly INTFPCCPT TA'JXY SO 51

I m(;rr c()5051j9
230 FlPk*T(1H .3X, 13,96X, F12. 5p4X9E 12 .594 X,9E 12. 5 4X ,12 SQ5)5?O
321 F')RIVAT( / / S05952 1

1000) FrOm4T( liIC, THC INTr JAC'ICN Yll:L0) CT1'RDI NTCS /I FIJI TAIIXY *, S') 51 r)??
IF,1.5, AM k V EI X(IJ Y(1i'f/( 14,?C15.5/)l S-)5152 3

FNSO 5.) 5?25

K. 53'



MISURPOUITINE ISECT SQ50526
cflmmON AL(3#3), CALF1(400)t CALE2(4001, CALE3(401), TALEI(403), St,)5127

I TALE?400. TALE3(400), Ai1TOO,), TH(400), 011(400)9 012(40))t S') 5.1 S2 0
*2 ()22(40019 Q66(40C)o RIS(18), 400,), A(3,31, 1)(193)t AH(4C1), 002

3 AT14O0)9 EI(400)9 1r2(40),~ UI(400), 02(400), C,(400)9 SB1(181, SQ50530
4 OiIAR(400,3,3), GAV(3,4f03)t S14(4010), S2At40), S3A(400), S,)505 11
5 SJ(1?00)9 S(50)9 )((90)9 Y(50), XN(50), YN(50), FX(3), F'Y(3), 011
6 S IGX(1 12 0 0 ) S I GY I1 9)) MA TYPE 1400) Q531

CrPMON B S IAR (3.*3 1 C ST AR(3,93) 0 ST AR( 3,t3 ) 9 ST AR I(3 ,3 1 9DC (3,s3),t S,)h1'34
1 APRI'4E(3,31* BPRIMF(3,3)o CPRtME(393), )PRIME(3t3)9 ASTAP(3,3)t Si)'A53'
? 1AB(393), Z(40119 AI(i,3)v HMO0,), E(10,4nl,31, K(11093)9,)11

4 3012(400), 04~6b(40()), ALPHAC(400), TAL(3,400), TOA(39400)9 Q01
5 ALPHAI(400)9 ALPH.A/(4fl0), ALPIA6(400), T(131, QX(13)t QYfI')) S)5f'239
COMtMON CU, CO2# Sit S129 KFY1, KEY?, KrY39 KEY4# KEY59 SlC(', S 16ItSQ50'4

'VI SIG2. 513. PHi. C )N, It J9 12, 149 MAv NN, nAF, 11, LOR, K, S)5'14
2 169 NIC, DAF3, JAF69 ATT, L9 '41, MB, OE S)5t14
REAL K9 N, M9 NT* MT SOs 9 v
KK= 4 S')5 )544
Xf 1) = 2U00000.U SQ 5) I4 S
X ? ) = 0.0 'Q 50 L)4 I
X 3) =-200C000.0 V),5n 54 f
XV X4) = 3:.0

Vt?) = 2.0000

YM3 = 0.0 S(555'
Y(41 =-2JOCOOJ.O SD 1r5 h2
X(5) = 200C000.0 CSr 95 C' -
YM = 0.0 SJ50 55,t
s41) =-1.C )SO5S
SM? = .C S l5C
SM = -I.C S Ql51) 5, 7
S(4) = 1.0 SO) Yr)38
DO loco J=1IIl SOb'5)
IF(ABS(SIGX(J)).,iT.O.000100)GO T-1 15 S.) 50 5L.)
W IT F( 6, "1 CO) S'Th50 5" 1
WRITF(6,30C'0) S(P5156 2
GO TI' 600 %906

15 SJ(J) =-SIGY(I/SIGX(J) S 5V 4
JCOnUNT =0 S',()55 5
KCOUT =0 SQ 50566
"4COUNT =0 S)50567
on 40 I=1,KK s ) 5:)'6b 8
IB 0 S)50569
TP1 I + 1
ZZ =SJ( J) 5(I) 0'
ZI ABS(ZZ / 51) Si) 50 57 2
[Fl .LT.0.OOOI0C)rJ Tr 40 Sos50 57 3
u 1 =SJlJ)',(Y(1) - SMl* XII)) -SIGYIJ)*S(I) ) 50057 4

02 = Y(I) - S(I )*X(1) - STGY(J) S.') 5) 57 5F Y = D1 / Zz S') 5)5 7 6
XX = n2? / ZZ S3)557 7
Xl = AMAXl(X~fhX(I)lH S')5)57 II
X2 =AMIN1IXI)vXli) ) SQ 50 97 9
Yl = A MA X Y I)vIP1) ) SO 5-158 0
Y= 4 MI N Y I),Y(IPI) 5 50 58 1
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IF(A8SlXX-X(j)).GT.1O.n. OR.ABiSIYY-Yit)).GT.10.0) GO TO 18 S05059?*IF( cOUNT.EOO) NCrIIUNT =ISQ0.0583
IF(ICOUNT.EQ*1) t(C(UNT =1 S55584
GO TO 25 S050585

18 IF(A8S(XX-XUIPIH.GT.lC'.0. OR.ARSvv-Y(IPI))GT.1r'.Doro TO 21) 5050586

IF( MCOUNT EQ.0) NCOlJPNT = I S150598
IFITCrUNT.EQ.U) KCOtINT = I
k O TO 25 S050590

2n IFIXX.LT.Xl.ANO.XX..,T.X2) GO TOl 25 S05151
GO TO 40S051

25 IF( MOUNT.E . I) GO Tn 30 So 59 3
IF( IR EQ .0) GU TkJ 27 SQ 5( 5,44
N TI = 1+*1 SO 5) 59* 5
GO To 29 SO 5 ) 996

27 1 P1AR I = I SQ05 ),9 7
29 XXI =XX S5)50 598a

= 1ys)ls~
MCOUNT =IS)rnb( "

GO TO 40 050601
30 XAL = ABS( XXI-XX) s05n6P2

YAL = ABS(YY1-YY) SO 5)b60
ALTH2 = XAL**2 + YAL**2 SQ50t604
IF(ALTh2.LT.625.Ul KCOUJNT 0 0O1
IFfALTH2.LT.625.0) GoTO 40 S 1f

IRAP2 = 1+1 S 50 60 A
Gn Tr 36 sr) 5o hO n

35 IBAP? = 1 S)5nb1O
36 XX2 = XX SS~

Y = Y SO 51)e)12
MCOUNT = 2 Sj5 )613
G') TO 50 S0)5-)614

40 (" W N U E s1 11
IF(ICQUNT.LT.Z) GO TO 1000 S-j50 616

50 JCOUNT =1 S) 5( (A7
IF(F10X(J) ) 100#.J20912C SQ) 50'61 8

100 IF(SIGY(J )) 10 59110O9l10 SQ5 Jh19
105 NQtIAD = 3 SQ506? 0

GIl TO 150 S050621
110 NGOAD = 2 SQ50622

%120 IF(SIGY(J) 12 5,130,13 0 S) 50624
125 NOUAf) = 4 SQ 5625

GO TO 150 SO 5162 6
130 NOIJAD I S 050027
150 14COOLJ1T 0 f55162 8

KKK =KK + I S Q 50AN6 29
low0O 300 1 = 19KKK SQ 9 )60

O TO (200,280)9 JCr)UNT S505331
200 IFHI.T.I8ARI) GO TO 300 SQ5063?

G;Oc TO 1210s2209230924019 NOUAD S051633I'210 WF(XXl.LT.XX2.f)R.YYI.CT.VY?) Gl TO ?6C 5350634
GOr Tr" 250 S5013 5

220 IF(XX1.LT*XX2.04.YYI.LT.YY2) GIJ TO 260 S05"1636
GO TO 250 S0)50637

55



230 IF(XXI.GT.X2.OR.yYi.LT.YY2) GlO TO 260 S05063R

GO TO 250 S0~50639
240 IF(XXI.GTX2*OR*YYI.GT.YY2) GJ TO 260 S(JSOA4r
25n ICOUNT 1 5) 5564 1

GO TO 270 S')501642
260 ICOUNT = 2 SQ50)64 3
270 JCOLJNT =2 SO64 4

GO TO 300 S',)50645l2130 IFf I*GT.IBAR2) Go Til l0o SQ50646
MCOUNT =MCOUNT +1SO 5.64 7

310 CONTINUE " Oo
!F(LCOUNT.EQ.I) mcntiNT = MCOUNr + NCOUNT S050649

VIF(LcOUNT.EQ,1) NODES = IACOUNT S0501650
IF(LCOUNTEG*Z3 MCVIlJNT = MCOUNT - KCOUNTS015
IF(LCOUNT EQ.2) NODFlS = KK- MIU~NT
KINEW =KK+ 2 - NODES SOSO533

XN(I)ARL S Q) 5)55

4 Nl YYI S050655
C, On AR 31 =IJN S050657

XN (N1I)= X(II) +1 S05n0b7 I
YN ( + ) = Y( I)A SW5

330 cnNTINUE 5 )50 6673
340 N= IX = 2S5A7
YN(NEW =502S50675
GO TON400 SO 506763

30XNfMM) = X4I) S050664
YN(MM) = Yf) S Q 50 6 5

3 DO 33ONT=NU 1 SQ 50 678
401 K= KNEW2 S050669

ml =K+1)= +N1 ) 50681
XN(KK+) = X() S501
Y(KKI.) =X() S.0673

330 CONINU YNS 053684
30 410 IX + K2 S0h5)b85

DO_ 350 XN(I)AR S1150676

MMI = NN +I) S050676
XN~ = XNI14)- N1 S050677
IFN()J,..00 G TO 450 S0J5068

39R1 CNINE30 SQ5167q
W! T0 O 60KNE SO 50692

450 OY ) =NII - YN(1 Sr)50684

on40ILK ' I)6



IHfABS(LOY).GT.0.C00oI),rC TO 5)0 SO 5(.19 4
WP I TF(69 2 10) S0 50695

WRIFTUsPN 0 'W) 1"96

AV00 U 0FI SIG )y SO" 5160

~~~~fl~~~~~1 53H NEA~TINCW'E)S 709

3000 FJIQMAT H0T* LEWI1G ANERCTIAONrp YIN TAJ(JINrAT L( *H~ IN~ f11,

*MEDIATE VALUES UTFRMI*roo,/lX#'RC-FnR[ OETECTING, A ZFR'1 VALOF. T 1SQ 5f11
IftESE VALUES ARE TO) RE IJSED FOR AN ERRR/lX,'ANALYSIS rNLYI/) S050712

C SO',fl713
EN 0) S53714
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SUIRROUTINE BEND S050715
COMMON AL(3*319 CALEI(4CO)o CALE244001, CALE3(40019 TALEI(4001# S051716
I TALE24400). TALE3(40019 AnT139319 TH(400), Q11440019 0121400). SO'A717
2 022(4001* 066(4001. RLFIfle A(3.319 R(393)t r)(33, Afl(4011, SQ50118
3 47140). El(40039 E2(400)9 Ut (400), U2(4*0) G140019 SRI(181, SO"flF9
4 ORAR4400.331 GAV(3,400ol). SIA(40019 S2A(40019 SMA4001, S950720
s SJ11Z00)v S(5019 11%019 Y(501, KNISO), YN(SO19 FX(19 FY1) SQ51)2l
6 SIGX1lZOO)9 SIGV(llnO), MATYPE14001 SQ50722
t.OMMON 8STAR(3#319 CSTAR(39319 DSTAR(3931, 9STARI(393)o SO033) SQ5f?3
I APRIMiE(393)9 BPRIMF('193),o CPRI14EI393), DRRIWCI39319 ASTAR(3,3), SQ5"7?24

*2 BAR(3,3). Z4401). A143.3), EOIIO.319 E(10,401931, K110319^1011,
3 N(l0o3). 04109319 NT(10,31* MT(10931, 0011(40019 0022440019 S051726
A 0012(40019 0066440019 ALPNAC(40019 TAL(394001, TOA(3940019 S-15,1727
5 ALPHAII40019 ALPHA2440O), ALPIIA6(40019 T(101. WXIG). QYILO) sQuflT2s
cflmmiiN coo C02. SI. St?. KFYL, KEY2, KEY39 KEY4, KEYS* SIC0, SIGjqsQjn729
I SIG2. SZG3. Pill. CON, Is Jo 12# 14, MA. N, OAF, IN. LOft. KK, S050730
2 16, NLC9 OAF3. OAF69 AlT, Lo 4Llo MR, DEL S050731
REAL K. N, Ms NT, "T S05073?

D10 1.13 £050733
00 10 J a 1,3 S050734
BSTAPIIJ) a 0.0 SQ50735
CSTAR(1,J) a 0.0 sQ5s 736
OSTARtIj) a 0.0 S05n?3?
ODSTAP I ( 1J )a 0.0 SQ05)738
oDctlj) in 0.0 S050?39
IlR1i)&tD a 0.0 SO0SO74 0
APPIMEI.J)u 0.0 SQ50?41
spotimF([.j)n 0.0 S050742

*CORIME(IOJIU 0.0 S050743
OPPJME(1.JIR 0.0 S050744
ASTAR(19J) a 0.0 S55745

10 CJNTINUE S050746
00 30 1 a1.3 S05n?47
DO 30 J a 1,3 S0048
ASTAR(ItJ) a AKIZOJ) S050749

4M.2 f ZL u 1.3 5Q0050
BSTAR(lJ) a 8STAR(19J) + AI(iPL)*R(LJl S051751

''CSTARIZ,J) a ".STAR(I#J) + 8tL)*AI(LoJI SQ51752
20 CONTINUE SOSO 753
30 CONTINUE SQ 50754

00 50 1 a 193 M M
M0 50 J a 193 SQS0756
On 40 L a 1.3 SQ50757
8AR(!,Jl a RAIIJ) + R(1,L)*llSTAR(LJl S050758

40 CONTINUE S050759
50 Cn1NTINUE 5050760

00 60 1 a 1.3 £S0061
00 60 Ja 1.3S002
fS TAR I19J) a D I1 9J I - BA 511 J) I5S50763
BSTAR(IJ) a -OSTAPRUJ) S050164

60 CONTINUE SQSO765
OET a IOSTAR(Il,)*OSTAR(2,2)*DSTAR(3,311 5050766

+ (0STARIZ1*!DSTAR(2,3)*0STAR(3911155)6
2 + (DSTAR(1,3)*DSTAf%(2,1)*0STAR(3,25) SQS0768
3 " (CSTAR(1.3)*DSTARIZ,2)*OSTAR(3,1)) 5050769
4 - (0STAft(1,1)*fSTAR(2.3)*DSTAR(3,21) 5050770



5 -(DSTAR( L,2)*OSTAP(291)*DSTARI3,3)I S050771
(ISTARI(i,l) = (DSTAP(2.2)*0STAR(1,3) n STAR(2,3)*DSTA(3,2)) /OETSQ'iO772

*' % O~tSTARI(lp2) z (D STAR (2 0 )*DSTAR (3,r1) - STAR(2, ) *DSTAR( 393)) MET SO5077 3
DSTARI(1,3) z (DSTMI?2,1)*lSTAR(3,2) -OSTAR(2,21)*OSTAR(3,1)) /UETS050774
DSTARI(2,2) =(OSTAR(lol )*nSTAR(3,p3) - STARfI,31*DSTAR(3,I)) /DET%05177!-

NO'TAP 1(2 13 ) 1: (DSTAR(1,2)*DSTAR(391) - STAR(1,1)*DSTAR(3,2)) /U)ETSr350176
FSTARI(393) x IOSTAR 11 )*lSTAIM(2,21 0 STAq(1,2)*OSTAR(2,I)l /IPETS(35O777
'STARI(291) =O0STARI(Lt2) S050778
DSTARIf3,1) a STARM913) SO Sl 77c)

OSTAPI(392) a DSTAPI(293) SQ 9) 78 0)

001 80 1 = 193 S'5078 1
03 80 J - 193 %05h0782

*sDPP IME( 19J) r-OSTARI(!,J) SQO 18 3
DO 70 L = 193 S050784
fPR IME ( 1,J) = BPRImF(I,J) + BSTAR(I,L)*OSTARI(L,J) 5Q0785
CPPIME ,J) = CPRI,'rU,.I) + DSTAqIlI,L)*CSTARlLJ) SQ 5()78 6

7(0 CONTINUE SQ50~7

80 CONTINUE S05h0788
00 100 1 = 1.3 SO050789
DO 100 J = 1,3 S050)790
CPRiME(I*J) = -CPRImF(19J) O-7l

Oo 90 L 1,3 SQ 51792
BDC(I*J) BD0(IJ) + RPPIME(I,L)*CSTAR(LtJ) SQ 50 79

90 CONTINUE SO053794
100 CONTINUE SI) 5n795

no0 110 I = 193 SQ5O7q6
00 110 1 = 1.3 S' 5n797
APRIt4E(I,J) = ASTAR(IJ) - BOC(1,J) S 350798

l10 CONTINUE S)507qg
WRITE (6,900) S05flROO

WRITE (6,1000)so"01
WRITE (6*1CIO) (APRIME(I .1)t APRIME(Iv2) , APRIME(I,3), BORIMEF( I, )SQ50802
1 9 BPRIME(I,2)9 IPRIME(1,3) , 1 = 1,3) so 50 AW 3
WRITE (6,91C30) SO51804
WRITF (6,1010) (CPRIMF([ .1), CfaRlwE(1,2) , CPRIME(193), ()PRIME( I )SQ51805
1 9 OP R I M E (12 D PR IMFII.31 , 3 1 1 3) SQ530fl6

WR~ IRT r (6, 1C6 0) SQ 5'10 7
WRITE (6910201 S 51008
IF (KFYI.EC.1) Gd TO 230 5050 AO0Q

01 135 L = ,NLC S 081
or) 130 1 = 1,3 SQ50811
F0(191) = 0.0 5.9) S12
K (1,1) =0.0 SQ 9081 3
on 120 J 1, 3 S0509-14
F0(L,I) =EO(L,I) + APRIME(!,J)*N(LJ) +. RPRIME(I#J)*M(L,J) S050815
K (L91) =K (Li13 + CPRIMEII,J$*N(LJ) + PRimE4IJ)*M(LPJ) S)J5n316

120 CONT INUE 5008187
130 CONTINUE sQ 50818

135 Cr) N) TINLE S0508190
WRITE (tb,1080) S050O,120
W R 17F ( 6 vIC 90)S 0821

r)' 136 L 1,NLC SQ 50 8 22
WR ITF 16,r1100) L S050823
WRITF (6,1110) EO(L,1), K(L,1)v EO(Lt2), K(L,2), FO(L,3), K(L,3) S.')501I2A

136 CONTINUE SO 5092 5
CO 155 L =19'4LC SQ50826
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ICo 15f, I 3 It.iA SO, Sl .) ??7
ZVt 1 3.0
nnO 140 J It 3
F (LI, vJ) 0. S :Tsh k3

140 C1N I ~IIJE S15U 31
15C CU N T 14 U FS1
155 CflNT IMUF S hi ' 3'

Z( I) AH(I I'I( t CO(N ft. UE ;;

DI5 18O 5L IiiT j 't

IF ( ZI) I S.)55 IksI.tlJ 1a LOYP( J SQ$14)l 5

OIF 0510C.X) S44 CA)346 Q5h

IF (FF1.N E.) V'AR1 i IU/f I b.)')5h'

16IF (F?~** Ak Aq FU2/FF G 1.Ja 5 15 )'372
16~P a 0. MAYW SQ5.A 77
CO IIF ( )3.N .o 14!~33 F3~3-1' S-Jb"54)i7
CO' 05 )9 5b5J0 5i ~J()s~9
SI =Z SINK 'IT -c.ci.I? Z l.T .00 1i 5 Wi!

2F = C0**2O.1OCTl 9 S 15 )d r,3 '

S1 i* 1 i
S I c, =SI*C s ) 60



GO TO 186 SO 5.884
190 CONTNUE J 51 -

195 ORMT NUE SriA50R8MF

2030 CORMT IE SQ5098 7

00 FORMAT ( 11O *** CRFN0NDING TPUT EMRITAN STRESS/S, ST1I SQ50519
lonD OMAGN f2 F AFRIY F EACH LAYEXI8-RI MATRI//XI*// XSG-'sQ:),1)8

10601 FORMAT / )E4739lo?39lotXF47tX~473tI* SQ'51801
1070 FORMAT (27IOX,'LOA CA~t0t'-RM MATRIXR ',!2 /9
108 FnRMAT ( //) S050104'

1090 FORMAT flOX,'**e* MID-PLNE RNING AND CuMRAN TRSES9 **'/III S05097

1070 FORMAT (51X'LAD CASE NUMBER m ',12 / I SO504020

108~0 FORqMAT (C~' ////b5X'~4T ) ,5. SU5O,)n3
100FRA -X1* I-LAESRISADCRAUE S05O0110

110FRMA 5*LA AE UBRs t1 S0505
-iorpA S9E -X It% tO K-X t1* 010

I X0 -Y 'E57 0X' -Y = 9 S* Q0 77 XLO-X #i.#0s* Y' #1, 000
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COMMON AL(39319 CALFIE400)9 A( CALE CAE(0) AEf0) SQ~50113

6 SIGX(1400119 SIGY(1400), AT13~(f0) H1019QI(0) 110 S050914

2 1 40) 066(400),3 P RLc3, ), CP!M(33) RI(319013931 ASTAR(1.3) sQsni9

4 001(400). E1440)), A2L40)9 t400), U2L(34009 G101TOA(3,400) SQ~t)924

5 ORLR(A0040C), ALPHA2(4000,3A9PIA6(400)t S2(4019 OXIO),OY-3) 
SOci)92

CIMO CO.20) S110 1 WWI? Y5ls KEY?,) KYN001 FX34, KEYS,9 sir s 050918

6 S SIGSIG3,01 PI. CON, 1, J. 12.140A) N DF 1 LR ~ Sos50919

I t6PPNLC. C31 DAF6. ATT, 1, 4PIE1 MR. M(33) DELR191 SQ50)921

REA N( . N. M0, NT 19) T193991(0) MT240~ 
S5f39293

c 
S051930

00 5 L = 1,4LC 
SQ 50933

On 4 1 z1#3 
SQ 50934

MTlLvt) = 0.0 
SO050936

4 CONTINUF 
S050937

5 CON T IN UE 
S050938

Do 10 1 a I.MA 
SM)539

RI0011(t) - C.0 
S,)50940

002M() - C.0 
SrQ50941

0012(1) a 0.0 
S050942

Q066(1) =0.0 
S050943

ALPF4AC(1 I - 0.0 
SG05O944

10 CONT INUEF 
SQ50145

On1 30 1 = It 3 
SQ50'946

DO) 70 J z 19MA 
SQ50747

TOA(I.J1) = 0.0 
S050948

20 CON T INtUQ504t
3m CWIT INUE 

S050950

On 50 L = 1,NLC 
S550951

On 40 1 = ItMA 
S50952

IM4 = MATYPEII) 
S050953

U2(IM) = MIMI~4 / ElIm) *U11UM) 
S050s954

nEL = 1.0 - Ul(1i14I*12(Im) 
SQ50955

3011(t) = E1(IM) / 01:1 
S050956

0022(l) = I:?(IM) / DEL 
5050957

0)12(1) = 0011( 1)*1i2( IM) SQ50q5B

0066(1) = G(114) 
S05,1959

-%jC C')MPI)TE 00 *ALPHA 
SQ',O9bl

!' i cS4 50 96 3

)ALP11 = QQI1(I)*ALPH~l(IMl )Qi?(t)*ALPHAZ(IMI S51116 3

OALD?2 = 012(I)*ALPHAI(Im) + ),'?2fALfHA21Ml )06

~JAI Pbfb = Q;66(I)*ALPHA6(lM) 
SOrt) 55

COIN = TH(I )*'.0174533 
S 09

CO CUS (CON) 
SO 5196 7
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CO' 7 CO**2 SQ Sri 96 8
SI - SIN(CON) SJ5-116 9
SI? vSI**Z S rQ59 1410

SICO s SI * C3 S0909~71

TRANSFOURM (00 * ALPH1A) INTO X Y SYSTEM4 SO 5117 1

TOAII.I) sm QALP II *C.12 + ALD2.2 * St? ? .0 *OALP66 * SIC(J S Q 5)1 r5

TOA(291) a GALP11.* S12 +1ALP22 * C2 + 2.0 t. ALP66 *SICO SQ53147A

40 CNTINUE 097
50CtINTINUE Q1,8

DO0 80 L = NIJE SQ5~198

00 ? 1 I 1.3 Q.48
Dfl 80 J = 1.3 S 504 8 6
ATLeHC() NTALPHAC) + TA(ItJ) *NTA(JIl H(I S5-Ll95

70 CONTINUE 090
86 CONT INUE SO 50. 97

L0a 10 L 051992
00 80 1 = 13 SOS0499
nnT(85TJ = 193M(LT SO 50 )q4

85 CONTINUE S509901
100 CONTINUE SQ50997O

Or) 100 L It1NLC s 19

MRTL~ (6.S) T(L,1), SOL.) 51,) hlT(L.l ATL2,S5~O

100 CO]NTINUE S 1h00l 2

DO 105 L. aslNLC SQJ51 ')5

01 110 1 a 193 SQ 51 (10
tili #1) = T(L) * NT(LtlI + NIL9Il sl) flhi1
t-I(Lp = T(L) * MT(L911 + I t)1 510512

110 CONTINUE SP51l1 3
120 rn "IT INUE S'J 51to14

3C57// S091121

i1,020 FO~RMAT I 5X,'C.OEFFICIrNT OF THV)1MAL P-ORCG NX = ',F15.7// S*)51122
I5X9 COEFFICIENT OIF TH'-RM&AL F0RCE NY = ',Elr,.7// SO 5102 3
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SX91COI-FICIFNT OF THFRMAL ruRrF NXY a $tE15o7// Sl) ? 4
35X9 'C3EFF IC IF NT OF THERMAL MOMENT MX m = I*/ O51

4 5KCOEFFICTFNT OF THERMAL MOMFNT MY a',Eli*7//s St ot, (I
55Xt'COEFFICIrNI OF THERMAL MOMF.NT MXY x '*El5.7///) SQ51027

c S051028
FNn SO 51 0?

I b4



SUR~POUTINE SHEAR~ SQ5IO3l
r0MMION AL(3*3), CALE1140019 CALF2(4l)),t CALE3140O)t TALFI1(40l)', SQ51031

A121 TALF2(400U TALE3f400h, AnT(3,3)t TH(4001, 011(400), SQ2(O0)l5132

3 AT(4003, EI(400)9 F2(4),~ UIl(400)t t?(400)9 G(400)9 SIkl18)9 SO S11)34
4 )PAP(4009393)9 GAm(3,40t),3), SlA(400),# S?A(400)t S3A(40019051(3
5 SJ1120019 S(5019 )X(Sn)v Y(501# XN(50), Y'J(50)s FX(3)t FY(3)t SQit )36
6 S101(12'0011 SIliY( 1200). MATYPE(4001 SIJ51'137
COMWfiN RSTAR(393J, CSTA14(3,3)t nSTAP(3,31, DSTART(3,319 8lC(3,3)t SV10)3 f
1 APRIML(39319 BPR!'IMF391)9 CPiRINMi393)9 !'WRIMF(3,3)o ASTAR1393)t S h) C Io.
? RAB(3*3)9 Z('.)t) 41(393)9 EO(1093), E(1Os4('1#3)t M(00193),1)4
3 N(1O.319 M(1001), NT(I0319 MT(10931# 00t1(400), 0022(400)9 S.)51041
4 0012(40)0)9 QJt.6(40O1)9 ALPHAC1400) t TAL(39400), TOA(3,400), SJ 1; (4 2
9, ALP)HA1(4OC) ALI~IA?(4O0), ALPA640019 T tirf. QX(I0)v QY1tlOO')1-1
C('tMr- C0. C02. SI, S129 KEY1, KEY2, KEY3# KEY49 KEY5, SIC0o, SI1teQ510144
I Stri~o SLG3t PHI, C'*~th It J9 12# 14, MA, 'N OAF, Ito LOR, KK, S051045
? 16. NLC, 00i3# OAF6, ATT, Lo 4L1, M8, Oft S:)h1 346-
OEAL Kt N. 49 NT. OT S-)5 1 ̂4 1

IE TD 1( 191) U 11292) -0(113) D (7,3) V~i 49

c COMPUTE T14F THI-U DEPIVATIVES )F W -- W.FR.T. X AND Y U 5115 4

fl3WX =- (0(2.?) / ETD)*QX(L) +(n(2,3) /DETD)*OY(L) S,191156
1l3wY 1 D( I t3) / ~f T0) ~X L) f (0(1 ,1 I OF Tn) *O.Y(L) S051057.
MLI 0 SQi 5 05 8
mL? 0 SO5)59
or)l 60 1cIM V 0
IF ( 1 .1-0. 1 ) GU TO 3 SO.51061
tF ( I *EQ. Md) GO TO S)5l 106?
GO TO ', V)51063

3 ZS AH(I 5351064

SXZ 0.0 S) 51 f 066

F UL.O 0.0) GO TO 10 S551070

IF (7S .EQ. 0.0 *AND* MI .E. 0) GO TO 20 SC351071
IF (7S .GT. 0.0 .ANO, ML1 CQ,0. ) rGO TO 30 S051072
j 1 I 051073
GO TO 40 SQ51074

10 J I - I SO 510)7 5
GO 0')T 40 S0511076

20 J I 1-1 1,051077
4L I I S 5 107 8
C~1 TO 4P 1;351079

30 7S =0.0 S051080
J I- 1 S091,181
MLI = 1 SQ51-182

40 CONT INUF U~51083
%X ( A1(Jo191)*P3WdX + 01AR(J,2t3)*D3WY )*(1.0 I8#',))* SQ51084

I (4.0*ZS**2 -ATT**2 S 551n85s
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SY! Z I 05AikJ13)*D3WX + 'A(j92t2)*D3WY)* (1.00 8*01 SO I 50596
1 ( *0*IS**2 - ATT**2 1 ~1W

5,0 WRTTF (69.'401 15, SXt, SYZ s 1M
IF (ML2 .EG* 1) G TO 60 .EQ.1 I GO

If M *EQ. 0.0 .ANO* LI*Q.G ns
Gn TO 60 01I

li 5 ML2 =z S ")5 1 '192
GO) Tn 5 S051093

60 CnN'INtJI SOS51'J94
70 CONTINUE 50511"Ps5

'1RrT(IPN S051 )~
c S)I1'q T
JOO(0 FIPMAT (////I-JK,@*** INTrRLAMHAQR SHEAR STRESSFS *-**I /0/i 1 S1Yp
5010 FnQMAT (LOW. I TAUi-XZ lAtI-Y7 I/ I ski510 )
5030 rflRFOAT ( 11X92X9Fll*5vbXvF7.Uv8XF7.o / sl 51 ion

C N S05T11 2

E'NO SSI 66



APPENDIX IV

SAMPLE PROBLEM INPUT
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'l

SAMPLE PROALEM INTFRACTItiN NlAGRIAM -- 60/0 ,40/45 UEGe&EES 1215301'0100il
0 1 2 0 1 1 112153CJ010002o

IuoQC.0(0.21CO000. 0621 WOO.)). 0.0 0.0 0013PO0U
1 1 0 000O 121530P010014
2 1 445 0.,20) 121530PO0U.),)

3 1-45 0*0121530POI00 J6
43.0Ol30 12 1 b30PO100031

-0.006600 -0.r)C6A%60 -0*01t;000 +0.005800 .0.002550 *01330O 121530P010008
4100.0 0.0 0.0 0.0 0.0 0.0 0.0 121530POl10)N
+ 10 .0 0.0 121530P 000 13,

ICC 0010
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APPENDIX V

SAM4PLE PROBLEM OUTPUT
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AFNFRAL DYNAMICS 360 PR(CFOURE SQ5 PAGE 0004FORT WORTH DIVISION PROBLEM 121530-01 01/12/70

*** INPUT DATA FOR COMBINED N - M ANALYSIS ***

LOAD CASE 4UMBER I

NX = 1000 MX : C,

NY U MY = 0

NXY= 0. MXYa 0.

TEMPFRATURE 0 0.
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cGtNF-AL D)YNAMICS 360 PROCEiDURE SQ5 PAGE 0010
I-DRT WEIRTH DIVISION PROALEM 121530-01 01/12/70

2 -0.854d9E 05, 0.31035E 05 0.0 3

2 Oo77SRSE 05 -J3135E 06 0.0 13

'A -0.88632E 05 O.55049E 05 tJ60 -1
3 -0.1598E Oo O 2.1 S 6E 04 0.10 2
4 -01681E 06 -0.23815E 0~5 0.0 -2
4 0*10000E 15 -0.1000E 15 0.0 3

4 0.10000E 15 001000OP 15 0.0 -3

FOR TAIJEY z 01ARE

I -0*11105 06 -0,4C6R7E 05

al2 Oo3423UF 05 -0.166CE 05

3 O.?5901F 05 -0. 1 480CbE 04

4t 0*83723F 05 O.1C221F 05

5 0.43196EC 35 ).15681E 05

-0.q13!2E 05 -Oo47665F 04

7 -0.11180E 06 -Uo4C556E 05

PlY y W. SI,;X INT RCEPT SIGY !NTERC.FPT TAUXY MODE

1 1*778qHE 05 -O.13b44E 06 0*IOOOOE 05 1
1 s.M'? 05 0*1552AF 06~ 0.10000E 05 -1
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GENFRAL DYNAMICS 36n PROCEDURE SQ5 PAGE OO
F3HrT WORTH DIVISION PROBLEM 121530-01 01/12/

1 -C*599.8E 05 O,9i11h6E 04 0IO00UE 05 2
I 0.1566PE 06 -O.23nl0E 05 0100O0F 05 -2

4- 1 0.IO000E 1 O. 1030E 15 0.IO000E 05 3

1 0.10000E 15 O1iJO00E 15 O10000E 05 -3

2 0,24453F 06 0*3294bE 05 UIOOOOE 05 1
2 -0.53151L 06 -0.l160qF 05 0.,10003E 05 -1
? 0,27804F 06 0*27460" 05 O,100GOE 05 2
2 -0.281SE 06 -0401qbk 05 0100QUE 05 -2
2 -0.85489E 05 0,31035F 05 0,10000E 05 3
2 0*85489E 05 -0,31035E 05 uIOOOOE a5 -3

3 C.48144E 06 0,64862E 05 0.10000E 05 1
3 -0,29460E 06 -0.39690E 05 U.IOOCOE 05 -1

0.41133E 05 0.55417E 04 0.10000E 05 2
3 -0,53526E 06 -0972114E 05 0IO000E 05 -2
i 0.8548qE 05 -0,31035t 05 0.10000E 05 3

-0.85489E 05 0,.1035F 05 010003E 05 -3

4 0.7788AE 05 -0.13644E 06 0,IO000E 05 1
4 -0.8,632E 05 0.15526E 0b 0.10000E 05 -1
4 -0,59988E 05 0.91166E 04 0.IOOCOE 05 2
4 0,15668E 06 -0.231OF 05 0,10000E 05 -2
4 0.IOOOOE 15 0.10000F 15 0.IO000F 05 3
4 0.10000E 15 0.10000E 15 0.OOOOE 05 -3

THF INTFRACTION YIELD CCJRDINATES
FOR TAUXY = 0.10000F 05 ARF

I X( ) Yil)

1 -:).553PIE 05 -0,3222PF 05

2 0.34230E 35 -0.186OE 05

3 0.73 43E 05 -0.43584F 04

4 -0.12469E 05 0.72216E 04

5 -0.91357E 05 -3.47665E 04

6 -0,10334F 06 -0.25767E 05
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GFNfERAL DYNAMICS 360 PKOCE0UKE SOS PACE J012F)RT WORTH DlIVISIONJ PROBLEM 121W0-01 01112/70

PLY NiO* SIGX !N~rRCEPI SIrGY INTERCEPI TAUXY MODE

0.77836F 05 -1.13644E 06 0.13338E 35 1

-0.$R632E 05 0.15526E 06 0.1333RE 05 -1
-0C.5958AE 05 Uoq1166F 04 0.1333RE U5 2

1 0.15b6PF 06 -0.239l0E 05 0*1333FE 05 -2I .10000( 15 0.10000E 15 O.1333HE 05 3

1 0.10000E 15 f.10000E 15 0.13338E 05 -3

2 Oo20499E 06 0.27618F 05 0*13330F 05 1
2 -0.57105F 06 -0.76934E 05 0.13338E 05 -1
? 0.3175RE n6 0*42786E 05 0e.3338E 05 2
2 -0.25881E 06 -0.34869E 05 0*13338E 05 -2
2 -0.ea5489E 05 0.31035F 05 0.13338F 05 3
70*155489E OS -0.31035E 05 0.13338~E 05 -3

30*52098? 06 0.701A9F 05 0*1333t6E 05 1
-0.255OhE 06 -0.34363E 05 0.133393E 05 -1

? 0.l5Q59F 04 0.21501E 03 U.13338E 05 2
3 -0.57480P 08 -O.7T441F 05 0*13338E 05 -2
3 1.85449k 05 -0.3l0'4rE 05 0.1333dE 05
3 -0.F54839E 05 0.31035F 05 U.13338F 05 -3

4 3.77BRRE Or) -0. 13644E 06 0,1333SE 05 1
4 -0*88632E 0~ 5 Q.15576E 06 0*13338F 05 -1
4 -0. 5)488b 15 0.91166F '34 OsI3338F 05 2
4 0.1569E Ot -0s?3810t* 15 0,13338E 05 -2
4 .lOoOOE is 0.10000E 15 0.13338E 05 3
4 0.10000h 15S 0.10000F 15 0,13338E 05 -3

THt INTEkACTION VIELI) CrOPOINATES
FIR T&UX' = 0.1331ff C5 ARF

I EUl) M

.~1 -noI 6108E 05 -0,2q4C4E 05
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GFNF14AL DYNA41 S 460 PRUCEDUKV SOS PAGE~ 0013
FnRT VvORIH OlViS1ON PROBLEM 121510-01 01/12/70

2 0934230F- 05 -0.LeSC8E 05

-~ ~0.62782E 05 -l.F2434E 04

49 -3,31C48E 05 10.4Aq81F 04

5 -Olq1I52E CS -0.47565E 04

6 -0*IOC5E 06 -0.!C821F 05

PLY IN3 SGX INTEIRCE17 SI!Y INTERCEPT TAUXY MODE

L 0*7788BE 05 -0. 136441;. 06 -0.0 1
1 -0).48632F 05 0,15526E 06 -0.0 -1

1 -C.5998RE 05 0.91166E 04 -0.0 2
1 %3.15668E 06 -0.238105 OS -0.0 -2
I 0.10000E 1.5 0.10000Th is -0.0 3
1 0.I0OO0E 15 O.10000E 1.5 -0.0 -3

2 0,362lqE 06 0,48404E 05 -0.0 1
2 -0.41305F 06 -0.55649E 05 -0.0 -1
2 0*15959F 06 0.21501F 05 -0.0 2
2 -0,41681E 06 -0.561.55E 05 -0.0 -2
2 -0.85489F n5 0.3133SE 05 -0.0 3
2 0.85489E 05 -0. 31035E 05 -0.3 -3

30.36299E 06 0.48904E 05 -001
3 -0,41305E 06e -0.55649F 05 -0.0 -1
3 ()o15959E 06 0.21501E 05 -0.3 2

-0.41681E 06 -0. 5bbSE 05 -U.0 -2
3 398548'SE 05 -0.31035E 05 -0.0 3
3 -0.854895 05 0.31035E 05 -0.0 -3

4 0*7788BE 0') -0.13644E 06 -0.0 1
A4 -0.8863?E 05 0 *15 52 6E 06 -0.0 -1

4 -0.59q885 0!) 0.Q1166E 04 -0.0 2
4 0. 15668 36 -0. 2i3810 05 -0.0 -2
4 0.10000t: 15 0.10000E 11; -0.0 3
49 0.1000G5 I S O.1.0000F 15 -0.0 -3
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GFNERAL DYNAMICS 360 PROCEDURE SOS PAGE 0014F3RT WORTH DIVISION PRMILEN 121530-01 01/12/70

tHF INTERACTIUN YIELD CCOR')INA'ES

F3R TAUXY -0.0 ARE

I X II) YII)

I -0.11105E 06 -0,.C687E 05

2 0.34230E 05 -n.lee6CF 05

3 O,75901E 05 -0,34806E 04

4 0.83721E 05 010221E 05

5 0.43196E 05 0*15belE 05

6 -3.91352E 05 -0.4;66SE 04

7 -0.11180F 06 -0.4C586E 05

PLY NJ. SIGX INTERCEPT SIGY INTERCEPT TAUXY MUDE

1 OTs7888E .5 -0.13644E 06 -010000E 05 11 -0.88632E 05 0.15526E 06 -0.IOOOOE 05 -1I -005998RF 05 0.91166E 04 -0,IO000E 05 2
1 0,15668E 06 -0,23SIOE 05 -0O00ouE 05 -2
1 0.130COE 15 0.10000E 15 -O.10000E 05 3
I .IO000E 15 0.10000E 15 -0.10000E 05 -3

2 Oo.8144E 06 0.64 62F 05 -U.10000E 05 1

2 -0.294b0F 06 -O.396qOE 05 -0.100COE 05 -12 0.41133E 05 0.55417F 04 -0.IO000E 05 2
.2 -053526E Of -0.72114E 05 -0.100COE 05 -2

2 -0,85489E 05 0.31035r 05 -0.10000E 05 3
2 0.5489E 05 -0.31035E 05 -0.IOOOOE 05 -3

3 0.24453E 06 0.32945: 05 -0,IO000E 05 1' -0.53151E 06 -0.71t.08E 05 -0.LO000E 05 -1
3 0.27804E 0 0.37460E 05 -0.10O00E 05 23 -0.29835E 06 -0.40196E 05 -0,IO000E 05 -2
3 -0.85489E 05 -0.31035E 05 -O.1000DE 05 33 -0.85489E 05 -0.31035E 05 -0.10000E 05 -3
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GENFR4L DYNAMICS 360 PROCEOI.lRL SQ5 PAGE 0015
FORT WORTH DIVISION PROBLEM 121530-01 01/12/70

4 0.77988E 05 -0.13644E 06 -010000E 05 i
4 -0.88632E 05 0,15526E 06 -0,I000E 05 -14 -OSQ98SE 05 O9|1L66E 04 -O0. O0 t.O[F 05 2

m4 0.1566eF 06 -0.23810E 05 -OIOO03E 05 -2
4 OO000E 5 0.10000E 15 -01OOCOE 05 3
4 0.I0000E 15 0.10000E 15 -01000U. 05 -3

THE INTERACTION YIELD CCORDINATES
FOR TALIXY = -0.0000E 05 ARE

X(I) 0II 0

1 -0.55387F 05 -0,12228E 05

- 0.3,230F 05 -0.186CBE 05

3 0,73483E 05 -0,.43584E 04

4 -0.12469E 05 0,72216E 04

5 -0.91352e 05 -0,47665E 04

6 -0.10334E 06 -0.25767E 05

PLY NJ. SIGX INTFkCEPI SIGY INTERCEPT IAUXY 40DE

1 0,778PE 05 -0,13644E O -0,13338E 35 1
1 -0.88632 05 0.15526E 06 -0,13338E 05 -1
1 -0,59918E 05 0.91166F 04 -0.13338E 05 2
1 O.15668F 06 -0.23310E 05 -0.13338E 05 -2
1 0.10000E 15 0.10000E 15 -0.13338E 05 3
1 0.10000E 15 1-.10000E 15 -0.1333E 05 -3

m 2 0.52098E 06 0.7019F 05 -0.13338E 05 1

2 -025506F 06 -0.34363E 05 -0.13338E 05 -1
2 0.15959E 04 0.21501E 03 -09.1338E 05 2
? -O.57480E 06 -0.77441E 05 -0.13338E 05 -2
2 -0,85489E 05 0.31035E 05 -013338E 05 3
2 0.8509E C5 -0.31035E 05 -0,13338E 05 -3

=m
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GENERAL DYNAMICS 360 PROCEDURE SQ5 PAGE 0016
FORT WORTH DIVISION PROBLEM 121530-01 01/12/70

3 0.20499E 06 0.27618E 05 -0o13338E 05 1

3 -0.57105E 06 -0.76934E 05 -0.1333aE 05 -1
3 0.31758E 06 0.42786E 05 -O13338E 05 2
3 -0.25881F 06 -0.3486qE 05 -0.13338E 05 -2
3 O.85489E 05 -0.310356 05 -0.1'4338E 05 3
3 -0.8548QE 05 0.31035E 05 -0.13338E 05 -3

4 0.77888E 05 -0.13644E 06 -0.13338E 05 1
4 -0.88632E 05 0.15526E 06 -0,13338E 05 -1
4 -0.5998RE 05 0.91166E 04 -0.13338E 05 2
4 0.15668E 06 -0.23810E 05 -0913338t 05 -2
4 0.10000E 1s 010000E is -0o13338E 05 3
4 0.10000E 15 010000E 15 -0.13338E 05 -3

THE INTERACTION YIELD CGURDINATES

FOR TAU(Y z -0,13338E 05 ARE

, I XII) VII)

1 -0.36808E 05 -0,29404E 05

0.44230E 05 -0.186C8E 05

3 0.62782E 05 -0,92434E 04

4 -0.31048E 05 0.43981E 04

5 -0°91352E U5 -0.47665E 04

6 -0.10C52E 06 -0.2C821F 05
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GENERAL DYNAMICS 360 PROC OURJ sgl PAGE J17
F3RT WORTH DIVISION PROBLEM 11530-01 01/1

*** SHEAR FORCES ***

LOAD CASE OX oY

100, 0.

I .|NTERLAMINAR SHEAR STRESSES ***

z TAU-XZ TAU-YZ

-0.50000 0. Uo

-0.20000 132. 0.

0.0 52. 35.

0.0 52. -35.

0.20000 132. 0.

0.50000 0. 0.

I
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